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POCCHtfCKOE ArEHTCTBO no nATEHTAM M TOBAPHbIM 3HAKAM 

(POCRATEHT) 

EPAJlbHblM MHCTHTYT nPOMblWJlEHHOM COBCTBEHHOCTM 



0/12-727 



"9" OKTq6pa 2000 r. 



CnPABKA 



cpeAepa/ibHbiM mhcthtyt npoMbiw/ieHHofi co6cTBeHHOCTn PoccMMCKoro areHTCTBa 
no naieHTaM n TOBapHbiM 3Ha<aM HacToqiuMM yAOCTOBepqeT, hto npmioxeHHbie 
aTepna/ibi 5\bj}$motcr toshum Bdcnpon3BeAeHneM nepBOHana/ibHoro onucaHnq, cJjopMy/ibi 
nepTexew (ec/in nMeiora) 3a«BKM Ha BbiAa^y naTeHTa Ha w3o6peTeHne No 98104687, 
OAaHHoPi b MapTe Mecaue 12 aha 1998 roAa ( 12.03.98). 



Ha3BaHne n3o6peTeHiin 



y/ibTpaMa/ioyrjioBa?! peHTreHOBCKaa 
TOMorpacJwq 



3aqBHTe/ib 



3AO "KBaHTa MHBecT" 



AeiiCTBMTejlbHblM aBTop(bi) 



KOMAPflMH Oner Ba/ieHTMHOBMM 
J1A3APEB naBe/i MBaHOBMM 



yno/iHOMOseHHbiPi 3aBepuiTb KonnK) 
3351BK11 Ha M3o6peTeHne 

O. BoCmMKOB 



I .CP. BOCTpMKOB 

3aBeAy»OLAMM OTAe/ioM 



YjibTpaMajioyrjioBaH peHTreHOBCKaa TOMorpa4>na 



H3o6peTeHHe othochtch k ycTpoiicTBaM KOMnbioTepHofi TOMorpa^HH, 
ocHOBStHHMM Ha norjiomeHHH h yjibTpaMajioyrJioBOM p accen hhh peHTreHOBCKoro 

H3JiyHeHHiI. 

MeTOA KOMiibioTepHoii TOMorpa{J)HH (KT) 6bui pa3pa6oTaH aHrjiHHCKOH 
4>HpMOH «EMJ» b 1973 r. (Hounsfield G.N. Computerized transverse axial 
scanning(tomography). Part 1 Description of system. -«Brit.J.Radiol» 1973, v. 46, 
pi 01 6- 1022; Ambrose J. Computerized transverse axial scanning (tomography). Part 
2 Clinikal application. -«Brit.J. Radiol. » 1973, v. 46, p. 1023-1047), oh coneTaeT 
4>H3HHecKHe npHHijHnbi Tpa^HijHOHHoro peHTreHOBCKoro npocBenHBaHUH c 
nocjieAHHMH /i.ocTH^ceHHftMH MaTeMaTMKH h u;h(})poboh TexHHKH. CymecTBO MeTOAa 
KOMnbioTepHOH TOMorpac|)HH cboahtch k peKOHCTpyrcijHH BHyTpeHHeii 
npocTpaHCTBeHHOH CTpyKTypbi o6*beKTa b pe3yjibTaTe cobmccthoh MaTeMaTHHecKoii 
o6pa6oTKH TeHeBbix npoeKijHH, nojiyneHHbix npn peHTreHOBCKOM npocBeHHBaHHH 
o6i>eKTa b pa3JiHHHbix HanpaBJieHHHX. KoHTpacT Ka^KAofi TeHeBoii npoeKijHH HBJineTCH 
aneACTBHeM Heo^HHaKOBoro norjiomeHHH peHTreHOBCKHx Jiyqeii pa3JiHHHbiMH nacTHMH 
odijeKTa. IIpHHUHn nepLCTBWL TOMorpa<f>a, b ocHosy KOToporo 6biJi nojio^ceH MeTOA 

KOMnblOTepHOH TOMOrpa4>HH, COCTOHT B CJieAyiOmeM. IIpHMOyrOJIbHblH peHTreHOBCKHH 
nyHOK, C(|)OpMHpOBaHHbIH KOJIJIHMaTOpOM, npOXOAMT Hepe3 HenOABH^CHblH o6*beKT Ha 2 

AeTeKTOpa (KpHCTajuibi hoahctoto HaTpHH ) . /JeTeKTop perHCTpHpyeT kojimhcctbo 
H3JiyMeHHH, nponieAmero nepe3 o6i>eKT, h CHCTeMa pemreHOBCKaH Tpy6Ka - AeTeKTopbi 
cMemaeTcii Ha mar napajuiejibHo caMofl ce6e. TaKHX cMemeHHH npoH3BOAHTcn 160. 
JlBJiee CHCTeMa so3BpamaeTCH b ncxoAHoe nojioaceHHe, noBopanHBaeTCH Ha yroji 1° h 
BHOBb npoH3BOAHTCH cKaHHposaHHe no 160 0Tpe3KaM. Bcero CHCTeMa cosepniaeT 180 
TaKHX noBOpOTOB. BpeMH noBopoTa chctcmm, T.e. BpeMH nojiyneHim ndjiHofi 

HH(J)OpMaUHH -npHMepHO 5 MHH. IIpH 3TOM C KaHCAOTO ACTeKTOpa CHHMaeTCH 288000 

(160x180) noKa3aHHH. IIojiyHeHHaH HHcfjopMaijHfl o6pa6aTbiBaeTCJi BbiHHCJiHTejibHbi^ 
y ctpohctbom . PeKOHCTpynpoBaHHoe KOMnbioTepHoe H3o6pa^ceHHe cjioh nepeAaeTcn Ha 
cneTHO-nenaTaioinee ycTpoficTBo, KOTOpoe BbmaeT UH(J)poByio 3anncb K03(JxJ)HUHeHTOB 
norjiomeroM no BceMy nojno no-nyneHHoro ceneimsi Tejia. 

B AajibHeftmeM ycoBepmeHCTBOBaHHe KT ihjio no nym yBejmneHHH KO-ranecTBa 
AeTeKTOpoB. KoMnbioTepHbie TOMorpac|)bi III h IV noKOJiemiH coAepacaT ot 512 ao 

4800 ACTeKTOpOB. IIpH HaJTHHHH OT 512 AO 1400 AGTeKTOpOB H 3BM 
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6ojibUJoCi eMKOCTM, BpeMq CKaHnpoB3HM?i OAHoro cpe3a (2-8 mm) yMeHbUinnocb ao 
2-5 c, hto npaKTMHecKM no3BOJin/io wcc/ieAOBaTb Bee opraHbi h TKaHM opraHM3Ma. 

CKaHMpyKDiua^ CHCTGMa coBpeMeHHoro KOMnbiorepHoro TOMorpact>a 
BiaiKDnaeT peHTreHOBCKyK) Tpy6Ky m AeTeKropHyio cucTeMy. B annapaTax III 
noKOJieHMH peHTreHOBCKa^ Tpy6Ka n AeTeicropbi pacno/ioxeHbi Ha oahom paMe. 
fleTeKTOpHaa CMCTeMa coctoht h3 256-512 no/iynpoBOAHMKOBbix a/ieMeHTOB hjm 
KceHOHOBbix AeTeicropoB. flpn CKaHMpOBaHMM nai^i/iem-a KOMfi/iGKc «peHTreHOBCKaq 
TpyfiKa - AeTeicropbi» coBepwaeT BpameHne BOKpyr nauweHTa Ha 360° 3a oahh 
uwoi. Hpn BpameHMM KOMn/ieKca pemreHOBCKaa Tpy6Ka nepe3 1° , 0,5° u 0,25° 
AaeT nMny/ibCHoe M3/iyHeHne b bmag Beepoo6pa3Horo nysica, npoxoA^Luero Hepe3 
o6teKT f npn stom ocymecTB/iqeTca perwcrrpauHq oc/ia6/ieHHoro o6i>eKTOM 
M3/iyseHMq AeTeKTopHOM cucTeMOM. CicaHMpyiOLnaq CHcrreMa npn Heo6xoAMMOc™ 
moxgt HaioiOHfiTbcq BnepeA n Ha3aA Ha 20°-25°. 

B KOMnbiOTepHbix TOMorpact>ax IV noKo/iGHna agtg kto p h aw cucTeMa MMeeT ot 
1400 ao 4800 AGTeKTopoB, KOTopbie pacno/ioxeHbi no Ko/ibuy Ha paMe. Bo BpeMq 
CKaHMpOBaHMR BpamaeTCH BOKpyr nauweHTa TO/ibKO pemreHOBCKaq Tpy6Ka. Ctoji 
TOMorpacJ)a coctoht v\3 ocHosaHHq h noABn>KHotf nac™, Ha KOTopoCi Kpenirrcq 
zioxe-TpaHcnopTep yiaiaAKH. nauneHTa, ropM30HTa/ibHoe nepeMemeHne 

nauweHTa npn CKaHnpoBaHnn npon3BOAHTca b aBTOMaTusecKOM peaaiMe. 

PeHTreHOBCKaq cucTeMa TOMorpacfca coctoht m3 Tpy6KM h reHepaTopa. 
Tpy6Ka pa6oTaeT b MMny/ibCHOM pexwMe npw HanpqxeHW/i 100-130 kB. 
nor/iomeHne Mqncoro KOMnoHGHTa peHTreHOBCKoro M3JiyHeHi4« ocyuuecTBJiqGTcq 
(^M/ibTpauwew, Ha BbixoAe Tpy6KM MMeeTcq Aitac^parMa, orpaHHHMBaiomaq noTOK 
npOHMKaioLuero n3/iyHeHnq, naAa»omero Ha o6"beicr. 

KaK OTMena/iocb, b ocHOBe Bcex onucaHHbix Bbiiue ycTpofiCTB /ie>KHT 
npuHnnn pa3/iMHHoro nonnomeHHq pe HTre h o bc ko ro n3JiyneHnq pa3HbiMM 
MaTepnanaMn. nosTOMy npn ncc/ieAOBaHMM Te/ia, cocToamero w3 BemecTB, 
pa3/iHHaiomMxcq no cocTaBy m/mjim CTpyioype, ho mmgiolmux 6/im3kmm hjw 
OAHHaKOBbiii Koac|)ct>MUMeHT nor/iomeHwq pemreHOBCKHx /lyneCi, ycTpoiiCTBO, 
paSoTaiouuee Ha onucaHHOM Bbiuie npuHuwne, He CMOxeT pa3/insnTb TaKwe 
BemecTBa, T.e. BOccTaHOB/ieHHoe M3o6paxeHne He 6yAeT coAepxaTb v\H<$>opw\auyM 
o hmx. nosTOMy b noAo6Hbix c/iysaqx Heo6xoAHM APyroCi noAxoA k no/iyneHMio 
M3o6psDKeHnq f ocHOBBHHbiM Ha npwHUMnax, OT/iHHHbix ot peHTreHorpact»Mn 
nor/iomeHnq, Ha ApyroM Twne B3anMOAe£iCTBnq peHTreHOBCKoro n3/iyHeHnq c 
BemecTBOM. 
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B naTeHTe EP 0784202, 1997 onucaH KOMnbiOTepHbiM TOMorpacj), 

OCHOBaHHbIM Ha peHTreHOBCKOM C|)a30BO-KOHTpaCTHOM MeTOAe, B KOTOpOM 

ncno/ib3yeTC5i sc^eicr npe/iOMJieHwq peHTreHOBCKwx jiyneii Ha rpaHnue oS/iacrreii 
o6TDeKTa, MMeiomux pa3/inHHyio aneicrpoHHyio n/iOTHOCTb. 3to ppmboaut k 
OTK/ioHeHMio peHTreHOBCKMx jiynew Ha yr/ibi ao HecKOJibKnx ceKyHA. B 
npeAnoxeHHOM ycrrpoficTBe naAaiomwfi Ha oSteicr hotok n3/iyHeHnq cf>opMnpyeTcq c 
noMOLUbio MOHOKpucTan/ia b bmab napan/ie/ibHoro nysKa c ManoPi yrnoBofi 
pacxoAMMOCTbK). ripn npoxoxAeHHw TaKoro nysKa sepe3 o6"beicr, coAepx<amnCi 
BeLuecTBa c paannsHOM a/ieicrpoHHOM n/iOTHOCTbio, Ha rpaHnue hx pa3A©ia noTOK 
i/i3JiyseHnq OTK/iOHqeTcq b pe3y/ibTaTe pect>paKi4MM Ha yKa3aHHbiPi Bbiiue yro/i. 3to 
oTK/iOHeHne ct>MKCnpyeTCfl npn noBopoTe ycTaHOB/ieHHoro 3a o6"beicroM KpwcTaruia- 
aHann3aTopa c noMombio AeTeicropa. 

K HeAOCTaTKaM 4>a30Bo-KOHTpacTHoro MeTOAa mo>kho othgcth to, mto oh 
xapaicrepM3yeT He caMO BemecTBO, a rpaHnuy pa3Ae^a AByx BeunecTB, oS/iaAaiomux 
pa3HbiMM K03<t>ct)MUneHTaMM npe/iOM/ieHnq peHTreHOBCKMX /lyneti. OopMnpoBaHne 
noTOKa npoHUKaioiuero n3JiyHeHnq ocymecTBJiqeTcq no AByxKpwcTsuibHoPi cxeivie, 
hto HaicnaAbiBaeT orpaHMHeHwq Ha 3cJxJ)eKTHBH0CTb ncno/ib30BaHnq aHeprnn 
MCTOHHMKa n3/iyHeHnq. 3to o6yc/ioB/ieHO TeM, mto MOHOKpucTaan OTpaxaeT 
naAa»OLAee Ha Hero M3/iyseHne no 3aKOHy Bpsrra. M3/iyMeHwe Ka>KAofi a/iuhh bojihw 
OTpaxaeTcw noA onpeAeieHHbiM yr/iOM b HHTepBane pacxoA^MOCTn, paBHOM 
yr/iOBOMy MHTepBa/iy OTpaxeHfiq Bpsrra, KOTopoe cocTaB/iqeT nopqAKa 10 yr/iOBbix 
ceKyHA- T.e., hto H3 Bcero n3JiyHeHnq, npow3BOAHMoro mctoshmkom, A^q 
npocBeHMBaHnq oS-beicra wcno/ib3yeTcq MeHee, neM 10 5 ero 3Heprnn. 3to 

npMBOAUT K B03paCTaHHK) BpeMeHM 3KCn03MI4,MM. McnO/lb30BaHHe AByX Kpl/ICTa/lbH Oil 

cxeMbi bhocht orpaHMseHnq Ha pa3Mepw i/icaneAyeMofi o6/iacTn oS^beicra, KOTOpaq 
onpeAe/iqeTca pa3MepaMw KpucTan/ios, win Tpe6yeTcq anoxHaq cwcrreMa 
CKaHnpoBaHnq no/iyseHnq n3o6paxeHnq pcero o6"beicra. 

OTMeseHHbie h e aoct3tk m yAaeTcq n36e>KaTb npn ncnojib30BaHnn MeTOAa 
perncTpauMn KorepeHTHO pacceqHHoro oSteKTOM n3JiyneHnq A/iq soccTaHOB/ieHnq 
TOMorpact)HHecKoro Li3o6pa>KeHnq. B naTeHTe US 4752722, G01N 23/22, 1988 
onucaHO ycTpoficTBO, ocHOBaHHoe Ha npuHUnne pen/icTpau,WM yr/iOBoro 
pacnpeAeJiertnq KorepeHTHO pacceqHHoro n3/iyneHnq, jie>Kamero b yniax ot 1° ao 
12° no OTHOiueHnio k HanpaB/ieHWK) naAaiomero nyHKa. KaK yKa3WBaeTcq b stom 
naTeHTe, 6o/ibuiaq sacTb ynpyro pacceqHHoro M3/iyMeHnq cocpeAOTOHena b yr/iax 
MeHbtue 12° m pacceaHHoe n3/iyseHne nMeeT xapaKrepHyio yr/iOByio 3aBMCMM0CTb c 
qpKO BNpaxeHHbiMM MaKCMMyisiaMM, no/ioxceHwe KOTOpbix onpeAe/iqeTcq kbk csmmm 




o6/iysaeMbiM BemecTBOM, TaK n aHeprwew nsmaiomero M3/iyMeHnq. riocKo/ibKy 
pacnpeAe/ieHne HHTeHCWBHOCTH KorepeHTHO pacceaHHoro M3/iyHeHnq b Manwx ynnax 
3aBncnT ot MoneKy/iapHoCi CTpyKrypbi BemecTBa, to pa3JiMHHbie BeunecTBa, 
nMeJomne o ah h a ko By io norjiomaiomyK) cnocoSHOCTb (KOTopbie He Moryr 6biTb 
pa3/inMMMbi npn o6biHHOM npocBenHBaHUH), MoryT pa3JinsaTbCfl no xapaicrepHOMy 
A/ih Kaworo M3 BeiuecTB pacnpeAe/ieHwo nHTeHCMBHocTi/i yr/iOBoro pacceHHwq 
KorepeHTHoro n3/iyHeHnq. JQ/in o6/iyHeHHH o6-beicra npeA/iaraeTCH ncno/ib30BaTb 
y3Knii KO/i/iUMnpoBaHHbiw nysoK MOHOxpoMaTusecKoro nnn no/inxpoMaTunecKoro 
n3/iy4eHnq. M3MepeHne MHTeHCMBHOCTM KorepeHTHO pacceaHHoro n3/iy4eHi/m 
npoBOA^T c noMombio AeTeKTupyiomePi cucTeMbi c pa3peweHneM kslk no 3Heprnn, 
TaK v\ no KOopAHHaTe (ynny pacceaHna). AeTeicrop perncTpupyeT MHTeHCi/iBHOCTb 
KorepeHTHO pacceaHHbix jiynew, BbixoAHiMwx 3a rpaHMuw nepBMHHoro nynKa b 30He 
paccesiHi/m. Rnn nojiyneHMfl n3o6paxeHna 06-beicra npeA^araeTCH ncno/ib30BaTb 
M3BecTHbie npnHunnbi KOMnbKrrepHofi TOMorpact)nn. flpn stom OAHOBpeMeHHO c 
paccenHHbiM ocymecTB/ifleTcn perncTpaunq nomomeHHoro kf3JiyHeHWfl, mto 
no3BOJineT ah« Ka>KAoii o6/iacTM HcaneAyeMoro o6*beicra ysnTbisaTb ero onTusecKyio 
TOJitnnHy Ha nyrn npocBesHBarounero nysKa, T.e. no/iynaTb HopMnpoBaHHyra KpuByK) 
KorepeHTHO pacceaHHoro M3JiyseHMSR. 

OnucaHHoe ycTpowcTBO wvteeT cpaBHi/rrejibHO HH3icyio MyBCTBMTe/ibHOCTb k 
HS/iyneHMio, pacceaHHOMy b HenocpeACTBeHHoCi 6jiw30Cth ot nepBMHHoro nynKa, 
nocKO/ibKy MHTeHCMBHOCTb n3JiyHeHi/m nepBMHHoro nysKa 3HasnTe/ibHO npeBoexoAHT 
HHTeHCMBHOCTb paccen h hoto M3/iyHeHnn h MeiuaeT ero perncTpauiin. KpoMe toto, 
MHTeHCMBHOCTb n3/iyHeHnq pe3KO naAaeT c yBejinseHneM yma paccenHwq, noaTOMy 
MHTeHCMBHOCTb KorepeHTHO pacceqHHoro M3/iyseHnq b yr/ioBOM Anana30He 1-12 
rpaAycoB HeBe/iMKa, a, aneAOBaTejibHo, Tpe6yiOTCfl AOCTaTOM h o BbicoKwe ao3w 
oSiiyneHnq npn o6oneAOBaHwn o6teKra h An MTe/i bHoe Bpeivm 3Kcno3nunn. 

3aAaseii onucbiBaeMoro n3o6peTeKna HB/ineTCH co3AaHwe ycTpoiicTB, 
KOTopbie, Bo-nepBbix, 6onee HyBCTBMTe/ibHbi k perwcTpaunw KorepeHTHO 
pacceqHHoro M3/iyHeHii5i Ha y/ibTpaMa/ibie yr/ibi (ot abchtkob ceicyHA AO oahoto 
rpaAyca) w, bo-btopwx, TpeSyiOT MeHbixiMx ao3 oS/iyseHMfl npn oScjieAOsaHHH 
oSteicra. 

KaK M3BecTHO f ocHOBHaa nacTb KorepeHTHO pacceqHHoro n3JiyMeHnn 
cocpeAOTOHeHa b 06/iacTn uempanbHoro nwKa Awc^paKUMM, kotopwm JiexwT b yr/iax 
pacceflHun ot 0 ao 1 rpaAyca no oTHomeHwo k HanpaB/ieHwo naAeHHH nepBUMHoro 
nynKa. B stom yr/ioBOM Anana30He cocpeAOToneHO xapaicrepHoe M3/iyMeHne t 
KorepeHTHO pacceaHHoe HeoAnopoAHOCTAMn a/ieicrpoHHoii CTpyioypbi o6"beKTa, 



nMeiOLMUMM pa3Mepw ot HecKO/ibKnx coTeH ao AecRTKOB Tbic^H aHrcnpeM, MTO 
OTBenaeT CTpyioype MHorwx opraHnsecKnx h 6no/iornMecKHx o6i>eKTOB. rioaTOMy 
hmghho b 3tom ymoBOM MHTepBa/ie npeA/iaraeTcq M3MepqTb pacnpeAe/ieHne 
KorepeHTHO pacceqHHoro M3/iyHeHnq. yrjiOBofi Anana30H, b kotopom npoBOAHTcq 
M3MepeHne KorepeHTHoro pacceqHHq, 3aBncnT ot A^nHbi eo/iHbi ncnojib3yeMoro 
HSJiyneHnq m CTpyicrypHbix cbomctb MaTepwa/ia h MOxeT HaxoAHTbcq b npeAe/iax ot 
HecKO/ibKHx yr/ioBbix ceKyHA AO 1 rpaAyca OTHOCHTe/ibHo naAaiomero nysKa 
M3/iyHeHHfl. B M3o6peTeHnn npeA/iaraeTcq ncno/ib30BaTb TeMHono/ibHyra cxeMy 
M3MepeHnq KorepeHTHO pacceqHHoro w3jiyHeHwq Ha y/ibTpary/ia/ibie yr/ibi (ot 0 ao 1 
rpaAyca), T.e. KorAa b OTcyrcTBi/i m ncc/ieAyeMoro oS-beicra AeTeicrop perncTpupyeT 
TO/ibKO <J>OHOBbiM CMrHan, a npn HajiHHHn McaneAyeivioro o6"beicra - pacceqHHoe 
n3JiyHeHne. TaKaq cxeMa qB/iqeTcq 60/iee nyBCTBHTe/ibHow k pacceqHHOMy 
M3JiyMeHHK) no cpaBHeHMK) co CBeTJiono/ibHOw cxeMoPi, onncaHHoii b naTemre US 
4752722, G01N 23/22, 1988. PlocKO/ibKy Ma^oynnoBoe pacceqHHe pemreHOBCKuix 
jiyneM OTpaxaeT BHyrpeHHKDio CTpyicrypy BemecTBa (pacnpeAeieHHe a/ieicrpoHHoCi 
n/iOTHOCTM), to perHCTpiipyq KpuByio Ma/ioyrnoBoro pacceqHwq pemreHOBCKHx 
jiyseii wconeAyeMbiM o6-beKTOM, T.e. 3aBwcnMOCTb MHTeHCHBHocTii pacceqHHbix 
/lynew ot yr/ia pacceqHHq, moxho BOCCTaHOBMTb KapTMHy pacnpeAe/ieHwq 
a/ieicrpoHHoPi n/iOTHOCTM b npocBGHMBaGMOM oSteicre. Eonn 06-beicr He qBJiqeTcq 

OAHOpOAHbIM, (T.e. COCTOMT M3 pa3/lHHHblX BeLAeCTB), TO HHTeHCMBHOCTb 

pacceqHHoro n3JiyHeHi/m noA KaxAbiM oTAe/ibHbiM ynnoM cicnaAbiBaeTcq 1/13 
MHTeHCHBHocTew Jiysew, pacceqHHbix pa3JinsHbiMn BemecTBaMw Ha nym 
pacnpocTpaHeHnq nyHKa npoHi/txafoiJuero n3JiyHeHwq. ripn npocBeHHBaHHH 
MCC/ieAyeMoro o6i>eKTa c pa3/iMHHbix HanpaB/ieHUM perncTpupyioT KapTMHy 
pacceqHuq M3/iyHeHnq jinn KaxAoro H3 3tmx HanpaBiieHnw h MeTOAaMM 
KOMnbKDTepHOM TOMorpact>nw BOccTaHaB/iMBajOT KpwByra Ma/ioyr/ioBoro pacceqHuq 
(pacnpeAe^neHne a/ieicrpoHHofi rmoTHOCTn) ( Kcdkaom OTAe/ibHow o6/iac™ 

o6-beKTa m, KaK KOHeMHbifi pe3y/ibTaT, KapTHHy pacnpeAe/ieHnq aneicrpoHHoii 
n/iOTHOCTM bo BceM o6"beicre, T.e. o6"beMHoe n3o6paxeHne BHyrpeHHeii CTpyioypbi 
o6teKTa. 

OnucaHHbiti Bbime npHHunn no/iyMeHnq M3o6pa>KeHMq BHyrpeHHePi 
CTpyioypbi o6*beiora MO*<eT Sbrrb peann30BaH b pa3/insHbix BapnaHTax ycTpoficTB. 
OcHOBHbiM npwHunnoM C03AaHnq t3kmx ycTpowcTB qB/iqeTcq OAHOBpeMeHHaq 
perncTpaunq nonnomeHHoro v\ pacceqHHoro oSteicroM noA y/ibTpaMa/ibiMH yr/iaMM 
( ot HecKO/ibKHX yr/iOBbix ceKyHA AO rpaAyca) i/13/iyneHi/iq. 
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YcTpoMCTBOM, b KOTopoM pewaeTCfl nocTas/ieHHafl b M3o6pGTGHMM 3aAasa, 
qBJifleTCH Ma^oyrjiOBoii pemreHOBCKMM TOMorpacJ), BK/nonatOLLiMM b ce6a mctohhmk 
peHTreHOBCKoro M3/iyHeHMH, Ko/i/iUMaTop, cJ>opMMpyiomMM noTOK npoHMKaiomero 
M3/iyHeHnq b BMAe y3Koro Beepoo6pa3Horo nynKa (mjim HecKOJibKHX nynKOB), 
nMeK)iMero Manyio ynnoByio pacxoAHMOCTb, pacno/ioaceHHbiM 3a 06-beicroM 
npOCTpaHCTBBHHblM (|>MJlbTp, M AGTGKTOp, perMCTpMpyiomMM M3/iyHeHne, 
npoiueAUjee nepe3 Mcc/ieAyeMbiM 06-beKT. Mctohhmk M3/iyHeHn«, KO/uiMMaTop, 
npocTpaHCTBeHHbiii (pwntrp m AeTeicrop MMeioT B03Mo>KHOCTb nepeMeuuaTbca 
BOKpyr ncc^neAyeMoro oSteicra c ue/ibio npocBesnBaHnq ero c pa3/insHbix 
HanpaB/ieHwii. B ycTpoficTBO TaioKe bxoaut cwcreMa o6pa6oTKn nHC^opMaunn, 
no3BO/iflioiMaq peKOHCTpynpoBaTb ii3o6pa>KeHMe BHyTpeHHefi CTpyicrypbi 
ncc/ieAyeMoro o6teKra no AaHHbiM pacceaHMH m nomomeHMa npOHMKaiomero 
n3/iyseHMfl o6*bGKTOM npM npocBesnBaHnn ero c pa3/iMHHbix HanpaB/ieHMM. 

CucTeivia KO/uiMMaTop - npocTpaHCTBeHHbm (pwnbTp - AeTeicrop AO/ixHa 

6blTb yCTpoeHa TaKMM 06pa30M, HT06bl MMeTb B03MO>KHOCTb OAHOBpeMeHHO 

perncTpupoBaTb pacce^HHoe M3JiyseHne ? m n3/iyHeHwe npoweAwee nepe3 o6*beicr 
6e3 pacce^Hnq, a™ Ka>KAOM npocBenMBaeMOM oS/iac™ oSteicra. 

KojuinMaTOp AO/ixeH cJ?opMwpoBaTb nywKM npoHMKaiomero M3/iyHeHMfl 

UJMPHHOM M yr/IOBOM paCXOAHMOCTblO B OAHOM HanpaB/ieHMM TaKOM, 4T06bl MMeTb 

B03M0>KH0CTb pemcTpMpoBaTb pacce^HHoe n3/iyseHne b y/ibTpaMa/ioyr/ioBOM 
Anana30He, T.e. MTo6bi jikd6om paccenHHbiM 06-beicroM noA Ma/ibiM yr/iOM a ziys 
nepBMHHoro nyMKa bwxoamji 3a rpaHnuw nepBMMHoro nyMKa b 30He perncTpaunn (a 
- MOxeT 6biTb HecKO/ibKO yr/ioBbix ceKyHA) » b APyroM HanpaB/ieHiin <t>opMMpyeMbiM 
KOii/iMMaTopoM nysoK AO/i)KeH nepeKpbiBaTb bckd MccjieAyewiyio oS/iacTb oSteKra. 

Ko h CTpy ktm b h o Ko/i/iUMaTop MoxeT 6biTb Bbino/iHeH b bma© HaSopa 
Lue/ieBbix AMacJjparM, pacno/ioxeHHbix Apyr 3a APyroM, b bma© AByx Henpo3paHHbix 
aha M3/iyneHMfl n/iacTMH m 3a3opa MexAy s hmmm, no cxeivie KpaTKM m t.a. ( 
BeKpeHeB A.M., TepMMHacoB IO.C, AnnapaTypa m MeTOAbi peHTreHOBCKoro 
aHa/iM3a,1980, Bbin.24, CTp.100-108; Schelten, W.Hendricks, Appl. Cryst., 1978, 
11, p. 297-324). J3/\* 4>opMMpoBaHMfl nysKOB mmkpohhom m cySMMKpOHHOM 

TO/lLUMHbl C yr/lOBOM paCXOA^MOCTblO HeCKO/lbKO yr/lOBblX MMHyT B03MOXHO 

Mcnojib30BaHMe 6eciue/ieBoro KO/i/iMMaTopa. FlpMHUMn paSoTbi TaKoro 
KO/i/iMMaTopa ocHOBaH Ha acJ)0eKTe npoxo^AeHMq peHTreHOBCKMx Jiysew no 
rpaHMue pa3Ae/ia AByx n/iocKMx no/iMpoBaHHbix noBepxHOCTefi n/iacTMH npM 

MHOTOKpaTHOM nOJlHOM BHeiUHeM OTpaxeHMM (JleMKMH B.H., MMHra3MH T.A., 

ripM6opbi m TexHMKa aKcnepMMem-a, 1984, Ng2, CTp.200-203). Moryr 6brrb TaioKe 




ncno/ib30BaHbi Apyrne kohctpykuum KO/uiHiviaTopoB, yAOB/ieTBopqioLMMe 
nepeMMC/ieHHbiM Bbiiuc yc/iOBnqM. cfcopivia h pa3Mepbi nymca npoHwraiomGro 
M3/iyMeHMfl, c|)opMMpyeMoro KOJi/iMMaTopoM, onpeAe/i«K)Tcq xapaicrepoM 
ncc/ieAyeMoro o6"beicra. 

PerncTpnpyK)LMee ycTpoMCTBO npGAcrraBJiflGT coSoii no3nunoHHo- 

My BCTB WTG/l b H bl M A^TSMK pGHTrGHOBCKOTO M3JiyH6HHq, n03BOJlHIOlUHtl M3MepflTb 

MHTeHCMBHOCTb paccGqHHoro M3/iyHeHnq. 3to MoxeT 6biTb /ikd6oCi 
n pocTpaHCTBGH Ho-syBCTBHTe/ibH bi v\ AByxKOopAnnaTHbiM AeTeicrop, o6/iaAaKDLAnti 
TpeSyeMbiM n pocTpaHCTBGH h bi m pa3peuieHneM h sy bctbhtgji bHOCTbio k 

naAaKDUAGMy H3JiyHGHWO. npGAnOHTHTGJlbHO, HTOSbl 3TO 6blJl AeTGKTOp C BblCOKMM 
n pOCTpaH CTBG H H bl M pa3pGLUGHH6M . H y BCTB MTG/I bH OCTb AGTGKTOpa OnpGAeJlflGT 
TpG6yGMyK> MOU^HOCTb MCTOHHMKa M3JiyHGHHq M CKOpOCTb CKaHUpOBaHMR o6"b6KTa. 

MGXAy ncc/iGAyeMbiM o6i>gktom H AeTGKTOpOM HaxoAMTcq 
n pocTpaHCTBGH h bi v\ cJ^M/ibTp. Oh pacno/iaraGTcq TaKUM o6pa30M, HTo6bi 

PIGpGKpblBaTb nGpBMHHbIM nyHOK M3/iyHGHMq M 06GCnGHMBaTb n poxo>KA6 HUG Ha 

Agtgktop KorGpGHTHo paccGHHHoro Ha yjibTpaMa/ibiG yr/ibi b6/im3h rpaHnu 
nGpBMHHoro nyHKa M3/iysGHnq. YsacTKM npocTpaHCTBGHHoro (Jw/ibTpa, 
nGpGKpbiBatOLLiHG npo3pasHbiG ynacTKM KO/uiHMaTopa, BbinojiHGHbi n3 MaTGpna/ia, 
Henpo3paMHoro a*ih naAaiomero n3JiyHGHnq m iiMGiomGro hm3kmm co6cTBGHHbifi 
<t>OH paccG^Hnq. Kpaq npocTpaHCTBGHHoro <J>mibTpa mmgiot c^oprviy, 
o6GcnGHMBaiomyK) hm3kmm ypoBGHb paccGAHnq Ha hmx naAaiomGro n3/iyH6Hnq. C 

UGJlblO OnpGAe/lGHHq BGJIMMMHbl HHTGHCMBHOCTM M3JiyHGHHq B flGpBMHHOM. nyHKG, 

npoiiJGAUJGM SGPG3 ofi-bGKT, Ha HGnpo3pasHbix ynacTKax npocTpaHCTBGHHoro 
0mibTpa pacno/iaraGTcq p«A a©tg kto po b , kotophg M3MGpq»OT hhtghcmbhoctb 
naAaioiAGro M3/iyHGHi/iq h hg npcnqTCTByiOT npoxo>KAeHwo paccGqHHoro o6"bGicroM 

H3/iyHGHMq HGpG3 npo3paHHbiG ysacTKM npOCTpaHCTBGHHOTO Cj)MJlbTpa. 

I~l pocTpaHCTBGH h bi m cJ)M/ibTp mo>kgt pacno/iaraTbcq cpa3y 3a m cc ji g Ay 6 M bl M 
oStGKTOM. 3to no3BO/iRGT yMGHbLUHTb o6lumm ypoBGHb ujyMa npw pGrncTpauM \A 
paccG^HHoro n3/iyHGHwq, 3a chgt SKpaHnpoBaHnq n3JiysGHnq nGpBWHHoro nysKa, 

paCCGHHHOrO Ha B03AyXG H 3/lGMGHTaX yCTpOMCTBa. OAHaKO, 3TO TpGSyGT BblCOKOM 
TOSHOCTM yCTaHOBKM npOCTpaHCTBGHHOTO <J>H/lbTpa OTHOCMTG/lbHO n6pBHHH0l"0 
nyHKa. npOCTpaHCTBGHHblfl Cj)M/lbTp MO>KGT 6blTb paCnO/lOXGH HGnOCpGACTBGHHO 
nGpGA AETGKTOPOM, pGTMCTpMpyiOlUMM paCCGHHHOG H3/iyH6HHG, HJ1H 3aHHMaTb 
KaKOG-/lM60 np0MG>KyT04H0G nO/10>KGHMG MGXAy HCC/lGAySMblM 06*b6KT0M M 
AeTGKTOpOM. 
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Bee AaHHbie, nojiyneHHbie npH npocBenMBaHwn nccneAyeMoro o6-beicra c 
pa3/inHHbix HanpaB/ieHHti, nocTynaiOT b cwcTeMy o6pa6oTKn MHcfcopMaui/iH. ripn 
o6pa6oTKe AaHHbix KorepeHTHO pacceaHHoro n3JiyHeHnq ysnTbiBaeTCfl onTMHGCKaa 
TO/iLu^Ha ogteKTa Ha nyrn npocBGHHBaiouuGro nysKa. A^* BoccTaHOB/ieHnq 
M3o6paxeHnq o6bGKra no norviomeHHOMy h pacce^HHOMy M3/iyHeHn»o 
ncno/ib3yiOTCfl n3BecTHbie npuHi^nnbi KOMnbioTepHOM TOMorpac()MM. 

flpyrotf sapnaHT cxeMbi onucaHHoro Bbime ycTpowcTBa no3BOJi«eT 6o/iee 

3Cjx|)GKTHBHO MCnO/lb30BaTb M3JiyHGHWe MCTOMHMKa. Oh COAepXHT HCTOMHHK 

npoHUKaiOLuero n3/iyHGHna, KOJi/inMaTop, cJ^opMnpyioiuMM naAaiotuufi Ha oQteKT 
noTOK M3/iyseHnq b bha© Hecra/ibKHx y3KHx ManopacxoAHLuwxcfl nynKOB, 

paCnOJIOKeHHbIM 3a o6"bGKTOM npOCTpaHCTBeHHbiM (J)M/1bTp H H03MUMOHHO- 

HyBCTBMTeiibHbiii AeTe»crop. Ko/uiMMaTop Bbino/iHeH b BHAe peryxiqpHOM 
nepnoAMMecKOki CTpyicrypbi, npGACTaB/iaiomeii co6otf npo3pasHbie a/ih M3/iyHeHnq 
ynacTKH b bmag uxeneih hjih KaHanoB h HepGAyiomHec* c hmmm Henpo3pasHbie 
ysacTKM. 

OopMnpyeMbie ziynn nepeKpbiBaiOT OTAe/ibHyio no/iocy b npoGKunw og-bGKTa. 
n pocTpaH CTBe h h bi m cJ)njibTp npGACTaBJiHGT co6om noAo6Hyto KO/i/i m m aTO py 
pery/iqpHyK) nepwoAnsecKyio CTpyicrypy, b kotopom ynacTKM, cooTBeTCTByiOLUne 
npo3pasHbiM ynacTKaM KO/i/iMMaTopa, Bbino/iHeHbi M3 Henpo3pasHoro ajih 
npoHMKaioiuero M3/iyHeHMfl MaTepna/ia TaK t mto Henpo3pasHbie ynacTKw c|>njibTpa 
nepeKpbiBaiOT npo3pasHbie ynacTKM KOJuiMMaTopa. npn stom pa3Mepbi KaHa/ioB 
(m/im me/iew) m nepnoA CTpyKrypbi Ko/uiMMaTopa, a TaioKe pa3Mepw npo3pasHbix 
ynacTKOB npocTpaHCTBeHHoro <J>M/ibTpa aojixhu o6ecneMMTb perncTpaunio Ha 
no3MunoHHo-HyBCTBMTejibHOM agtgktopg paccGaHHOro noA y/ibTpaMa^biMn yriiaMM 
n3/iyHeHMfl. Pacno/ioxeHHbie Ha Henpo3paHHbix ynacTKax npocTpaHCTBGHHoro 
<t>n/ibTpa AeTeicropbi no3BO/iflK)T onpGAG/iHTb MHTGHCHBHocTb M3/iyHeHnq nepBMHHbix 
nyHKOB, npoiueAiuMx sepe3 oSteicr. OopMa v\ pacno/ioxeHne KaHa/iOB mokst 6biTb 
pa3/iMMHoti: HanpnMep, menu, Kpyr/ibie OTBepcTwa, pacno/ioxeHHbie b 
reKcaroHa/ibHoii ynaKOBKe h t.a., hto ohpeAe/iflGTCfl xapaicrepoM wcc/ieAyGMbix b 
AaHHOM ycTaHOBKe o6teKTOB. 06luhmm Tpe6oBaHM«MM t npGAtHBJiaeMbiMH k TaKOMy 
Tuny KO/i/iMMaTopoB, flB/i«K)Tcq anGAy»oiMHG: Bo-nepBbix, jimhmm noBepxHocrreCi, 
o6pa3yraiAnx npo3pasHbie KaHa/ibi, aojixhw cxoAMTbCfl Ha <t>oKycHOM nqTHe 

MCTOMHMKa C UGJlbK) yBe/lMHeHHH 3<t>(t)GKTMBHOCTM MCnOJlb30BaHMfl ziyseBOM SHepruM 
yCTaHOBKM, npM 3TOM M3/iyHeHMG B pa3JlMHHb!G KaHa/lbl KO/l/lMMaTOpa MO>KGT 

nonaAaTb M3 pa3Hbix o6/iacTGM 4>OKycHoro n«THa MCTOMHMKa ( B03MOXHocTb 

MCn0.nb30BaHMq MOlAHblX UJMpOKO<}>OKyCHblX MCTOMHMKOB M3/iyMGHMfl); BO-BTOpblX f 
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KOJl/lMMaTOp AO/l>KeH <J)OpMMpOBaTb /lyHKW, LUWPMHOM M paCXOAMMOCTbK) y T3KOM, 

HTo6bi MMeTb B03M0XH0CTb pemcTpMpoBaTb pacceaHHoe b Ma/ioymoBOM Anana30He 
na/iyHeHne, T.e. HTo6bi jiio6om pacceaHHbiti ogteicroM noA Ma/ibiM yr/iOM a Jiys 
BbixoAH/i 3a rpaHnubi nepBMHHoro nyHKa b 30He perncTpauMn; B-TpeTbux, nepnoA 
CTpyioypbi KO/i-nniviaTopa AO/ixeH 6biTb TaKoCi, HTo6bi coceAHne ziysKM He 
nepeKpbma^ncb APyr c ApyroM b n/iocKOCTn AeTeKTopa, hto no3BO/iweT 
perncTpupoBaTb pacce^Hne Ha Ma/ibie yr/ibi Bn/iOTb ao yr/ia p (a m p - yrvibi, 
onpeAe/iflKDiAne perncTpupyeMbiM ManoymoBOM Anana30H: a MoxeT 6biTb 5 yr/iOBbix 
ceKyHA m 60/ibLue, 3 - ao 1 rpaAyca). 

fl^q Bbino/iHeHup 3tmx TpeSoBaHnti bxoa h bwxoa KO/i/iMMaTopa aojixhw 
6biTb pa3HeceHbi na paccTOHHMe, 3HaHHTe/ibHo npeBbiwaiomee pa3Mepbi anepTypw 

KOJIJIMMaTOpa. KOHCTpyKTMBHO LUe/ieBOM KO/l/lMMaTOp MO)KeT 6blTb BbinOTlHeH B BMAe 

MepeAyK>mnxcfl Henpo3panHbix Ana M3JiyseHMq n/iacTMH m 3a3opoB MexAy hmmm mjim 
b BMAe AByx AnacJ)parM - c oahom \as\v\ HecKo/ibKHMM me/iaMM Ha BxoAe m 
MHoroiAe/ieBOM Ha BbixoAe - pacno/ioxeHHbix ao/ixhwivi o6pa30M m t.a.. 
AHa/iorwHHO, KO/uiMMaTop, MMekDmnw npo3panHbie a^h n3/iyMeHM« KaHanbi c Kpymoii 
anepTypoM, MOxeT SbiTb Bbino/iHeH koh CTpy ktm bho b BHAe KanM/i/iqpHoro xryra mjim 
AByx Anact>parM: bxoahom Ana<t>parMu c oahmm mjim HecKo/ibKMMn OTBepcTnqMM m 

BblXOAHOM - C MHOrMMM OTBepCTMqMM. 

ripocTpaHCTBeHHbiM cJ)M/ibTp AB/ifleTCfl OTBeTHOM pery/iqpHOM nepnoAnwecKOM 
CTpyioypoCi A^q KO/i/iMMaTopa, T.e. oh ycTpoeH TaKMM o6pa30M, sto 3aAepxnBaeT 
np^Mbie JiyHKM, c(J>opMnpoBaHHbie KO/uiMMaTopoM, m nponycKaeT 6e3 noMex 
MS/ryHeHne, pacceaHHoe b rmocKOCTM o6teKTa hoa Ma/ibiMM yr/iaMn b ymoBOM 
Anana30He ot a ao p. KoHCTpyicrnBHoe Bbino/iHeHne npocTpaHCTBeHHoro (Jw/ibTpa 
AO/ixho cooTseTCTBOBaTb Mcno/ib3yeMOMy Ko/uiMMaTopy: a/i« /iMHeiiHoro 
KOJiJiHMaTopa npocTpaHCTBeHHbifi 4>n/ibTp AO/ixeH 6biTb Bbrno/iHeH b BMAe 
/iMHefiHoro pacTpa, A^q Ko/i/iMMaTopa c rmoTHOM ynaKOBKOM un/inHApuHecKnx 
KaHa/ioB - b BMAe pacTpa c KpynnbiMM OTBepcTMWMM m reKcaroHa/ibHoii qneMKOM. 

ApyroM BapMaHT ycTpoiicTBa npeAycMaTpMBaeT Mcnojib30BaHMe 
n pocTpaHCTBeH Horo 4>M/ibTpa, no/iynpo3pasHoro Ann naAaiounero M3/iyneHMq. B 
3tom c/iynae npocrrpaHCTBeHHbiM (pnnhrrp Bbino/iHeH M3 MaTepwa/ia, MMeiomero 
hm3kmm co6cTBeHHbiM ypoBeHb pacceaHMq M3/iyseHMq m oonaS/iqiomero 
m HTeHCM BHocrb M3JiyHeHM9, npoujeAwero sepe3 o6t>ei<T, b M3BecTHoe hmc/io pa3, ao 

ypOBHq M HTeHCM BHOCTM paCCe^HHOrO M3/iyseHMfl. FlpeAnOHTMTe/lbHO, HTO6bl 

m HTeHCM BHOCTb M3JiyMeHM« Ha rpaHMue nepBMMHoro nysKa, oc/ia6/ieHHaq 

npOCTpaHCTBeHHblM <})M/lbTpOM f 6b!/ia Ha nOp^AOK MeHbLUe, HeM MHTeHCMBHOCTb 
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M3JiyH©HM5?, pacce^HHoro oSteicroM Ha y/ibTpawia/ibiG yrvibi, b6/im3m rpaHnuw 
nepBHHHoro nyHKa. B stom onysae no3M l^moh ho- ny bctbmt6/i bH bi v\ AeTGicrop, 
pacno/ioxeHHbiw 3a npocTpaHCTBGHHbiM c|)M/ibTpoM, oflHOBpeMGHHo perncTpupyeT 
MHTeHCMBHocTb M3/iyHGHnq b hgpbmhhom nysKG m ws/iysGHnq, pacce^HHoro 
o6"bGKTOM Ha yjibTpais/ia/ibie yr/ibi. 

Apyroti BapnaHT ycrrpoiiCTBa an* KOMnbtoTepHOM TOMorpacf) mm AaeT 
B03M0XH0CTb onpGAe/iqTb paccewBaioiMMe CBoiicTBa ncc/iGAyeMoro o6t>GKTa, 
HannHafl c yr/iOB paccGqHwq b HecKo/ibKo cGKyHA, hto no3BOJiqGT syBCTBOBaTb 
CTpyKrypHbie sjigmghtw c 6onbUJHM nepwoAOM n 3Han htgji bHo yMeHbuiwTb A03y 
06/iyneHMq 06-bGicra. CymHOCTb <t>M3MMecKoro MeTOAa, ncno/ib3yeMoro b 
onucbiBaeMOM ycTpowcTee Ana perncTpaunn ns/iyneHnq, pacceqHHoro Ha Manwe 
yrvibi, 3aioiK)4aeTCfl b anGAyiomGM: nysoK npoHMKaiomero M3/iyHeHM« f MMeioiuuM b 
cghghhh ToneHHyio mjih LUTpuxoByio ((>opMy, perncTpiipyeTCfl BbicoKopa3peuuaiOLUMM 

n03MUMOHHO-WyBCTBMTe/lbHblM AeTeKTOpOM. PaCnpGAe/IGHHG HHTGHCHBHOCTH 

M3JiyHeHMq b rmocKOc™ AeTeicropa 6yAeT onpGAe/iqTbcq oriTHHGCKoCi nepeAaTOHHofi 
ct>yHKmieM ycTpoficTBa. ripn noMemeHnn oS-beicra b ycrrpotiCTBO no/iHaq onTMSGCKaq 
nepeAaTOMHaq cJ>yHKunq ycTpowcTBa, a, c/ieAOBaTe/ibHo, w pacnpeAeJieHne 

HHTGHCHBHOCTH M3JiyH6HMq B n/lOCKOCTM AeTeKTOpa M3M6HMTCq. M3MeHeHMe 0OpMbl 

pacnpeAe/ieHnq i/ihtghchbhoctm n3/iyHGHnq 6yAeT onpeAe/iflTbcn 0yHKunew 
pacceqHMq o6"beicra. 

B KasecTBe oahoto M3 BapnaHTOB ycTponcTBa, pa6oTaK)iuero Ha stom 
npwHuwne, moxgt 6biTb ncno/ib30BaHa cwcTGMa, cocToqmaq W3 wctohhhio 
peHTreHOBCKoro w3JiyMeHnq, oahoto m/im HecKo/ibKnx KO/i/iMMaTopOB, Ka>KAbiM M3 
KOTopbix cJ)opMnpyeT M3/iyHeHne b bmag n/iocKoro BeepHoro nyHKa, mmgiolagto b 
oahom HanpaB/ieHnw yr/ioBoe pacnpeAe/ieHne mhtghcmbhoctm, no 4>opmg 6/ih3kog k 
8-<t>yHKunw, m b APyroM - nepeKpbiBaramero Bpio ncc/ieAyeMyio o6xiacTb oe^eKTa, h 
BbicoKopa3peuia»OLuero AsyxKoopAn h aTH o ro AeTeicropa. BbicoKopa3pGwaiOLiuiPi 
AeTeicrop M3MepaeT pacnpeAe/ieHne hhtghchbhoctm n3/iyHeHn« b pghttohobckom 
nyMKe npw Ha/wHuw h b OTcyrcTB m h o6i»6KTa. fl/iq o6ecneneHMq tohhoctw 

M3MepeHI4M Heo6xOAMMO, WTOSbl pa3Mepbl OTAe/lbHblX HyBCTB HTGJI bHWX 3JI6MGHTOB 

AeTeicropa 6buin MGHbuiG no/iyiunpuHbi pacnpeAe/ieHnq h htgh c h b h octh 
peHTreHOBCKoro nysKa b njiocKOCTH pcrHCTpauHM, npeAnosTHTG/ibHO MGHbiuG Ha 
nopqAOK. flGTGicrop aojixgh pcrHCTpnpoBaTb ymoBOG pacnpGAe/iGHMG 

HHTGHCHBHOCTH B nGpBHHHOM nyMKG Bn/lOTb AO yr/ia B HGCKO/lbKO AeCRTKOB MHHyT. 

TaKOM cnocoS u3mgpghhh no3BonqGT pGrwcTpupoBaTb pacceq h h biG noA 
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yjibTpaManbiMM ynnaMM peHTreHOBCKne /lynn, He To/ibKO BbixoAamwe 3a rpaHMUbi 
nysKa, ho m Te, hto hphboaht k nepepacnpeAe/ieHMio nHTeHCWBHoc™ n3/iyHeHi/m 

BHyTpM nyMKa. HTO6bl WMeTb B03M0XH0CTb CpaBHUBaTb He3HaMMTe/lbHbie H3MeHeHMq 

6o/ibiuMx CMma/iOB npn o6pa6oxKe AaHHbix, no/iyneHHbie pacnpeAe/ieHnq 
m HT6HCM bhocth n3/iyHeHHH b nymce ripn Hannsnn n b OTcyrcTBMM o6t>eicra 
HOpMMpyKDT Ha o6myio MHTeHCMBHocTb naAaiomero h npoweALuero nepe3 o6-be»cr 
M3/iyHeHMq, cooTBeTCTBeHHO. TaKMM o6pa30M, no/iyseHHbie AaHHbie npuBOA^Tcn k 

OSIMUM yCJlOBUHM, M M3MeHeHMe (J)OpMbl KpMBOM paCnpeAe/ieHWH MHTeHCMBHOCTM 

M3/iyMeHnq b nym<e (pa3HOCTb HopMnpoBaHHoro npocTpaHCTBeHHoro 
pacnpeAe/ieHnq HHTeHCHBHoc™) 6yAeT oTpaxaTb <t)yHKunra pacceaHi/m cpeAbi, 
nepe3 KOTopyra npoxoAMT n3/iyHeHne, ripn stom oAHOBpeMeHHO onpeAe/iHeTCH 
KoacJ)(J)MUMeHT nor/iomeHi/m cpeAw. 

OnTMMa^bHbie yonoBi/m perncTpaunn npn wcc/ieAOBaHnn pa3/iHHHbix 
o6t>eicroB Moryr 6biTb ocymecTBJieHbi nyreM noASopa xecTKOCTM, T.e. ajimhw Bo/iHbi, 
ncno/ib3yeMoro npoHHKaiomero n3JiyHeHnq. Heis/i Mfirse ncno/ib3yeMoe M3/iyseHMe 
(6ojibtue AnnHa bojihw), TeM cn/ibHee n3MeHqeTca HopMnpoBaHHa* Kpi/iBaa 
pacnpeAe/ieHMA mhtghcmbhoctm b npocBeMHBaiomeM nyMKe 3a oSteioroM, oah3ko 
npn 3tom B03pacTaeT ao/ia n3/iyweHHfl, nonnomeHHoro b oSteicre, h yMeHbwaeTCH 
cuman Ha AeTeicrope. Bbi6op onTMManbHbix napaMeTpoB npoHwcaiomero n3JiyHeHna 
3aBncwT ot xapaicepa ncc/ieAyeMoro o6teicra h b Ka>KAOM c/iynae ocymecTB/iqeTCfl 

MHAUBMAya^bHO. flpH HCnO/lb30BaHMM nOilUXpOMaTHMeCKOrO MCTOHHMKa H3JiyHeHMfl 

3to MC»KeT 6biTb ocymecTBJieHO jii/160 noA6opoM (J>mibTpa, Bbipe3aiomero 
Tpe6yeMbifi cneicrpajibHbiii Anana30H n3/iyseHnq, jingo nyTeM ncno/ib30BaHnq 
AeTeicropa, ce/ieKTMBHo-HyBCTBWTe/ibHoro k BbiAe/ieHHOMy Anana30Hy SHeprnn 
pemcTpupyeMbix KBaHTOB. B noc/ieAHeM c/iynae Ha AeTeicrope a/ih KaxAoro 
cneKxpa/ibHoro Anana30Ha npoHwcaiomero M3/iyHeHnq perncTpnpyeTc« CBoe 
pacnpeAO/iOHne HHTeHcuBHocTH b nyHKe 3a* o6"beicroM. OSlumm Tpe6oBaHneM k 
AeTeicropaM npn t3kom cxeMe OAHOBpeis/ieHHofi perMCTpauwn n3/iyHeHkm f 
pacce^HHoro m npouieAUJero nepe3 oSteicr, nsnnercn nx cnoco6HOCTb M3MepnTb 
MHTeHCMBHocTb M3/iyHeHnq b ujMpoKOM AHHaMnsecKOM Awana30He 3HaHeHMM. 
HanpuMep m HTeH c h b h ocTb pacce^HHoro M3/iyMeHnq MeHbiue nHTeHCMBHocTM b 
npoiueAweM nymce b 10 3 -10 5 pa3. AeTeicrop AOJixeH M3Mep$rrb Becb stot A^ana30H 

3HaseHMM MHTeHCMBHOCTM M3/iyHeHMq. 

flpyroft BapnaHT cxeMbi no3Bo/ifleT onpejxennTb pacceMBaiOLUwe w 
nor/iou^joiune CBOMCTBa wcc/ieAyeMoro oS^eicra npw ncno/ib30BaHnn LunpoKoro 
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nyMKa npoHMKaramero M3JiysGHMq. 3tot BapnaHT cxgmh no3BO/iqGT a^eicrnBHee 
MCno/ib30BaTb M3/iyHeHne mctoshmio. Oh OTJiMnaGTcq tgm, hto Ko/uiMMaTop 
npeACTaB/iqeT co6om MHorome/ieByio nepnoAnsecKy»o CTpyioypy, 4>opMMpyiomyio 
noTOK pemrreHOBCKoro M3JiyweHMq b BMAe tunpoKoro nysKa, npoMOAyiMpoBaHHoro c 

BblCOKOM npOCTpaHCTBGHHOM HaCTOTOM. flGTGKTOp, MMGIOLMMM BblCOKOe 

npocTpaHCTBeHHoe pa3peiueHMe b n/iocKocTn perncTpaunn, n3MepqeT 
nepMOAnnecKM MOAy/iwpoBaHHOG pacnpeAe/ieHne mhtghcmbhoctm M3/iyHGHMq npn 
Ha/iMHMH m b OTcyrcTB m n oStGioa. Hannsne oSteicra b ycTpoMCTBG npMBOAMT k 

M3M6HGHMIO CjjyHKUHH MOAy/l^UMM paCnpGAe/lGHMq MHTGHCMBHOCTM B nJlOCKOCTM 

AeTeicropa, hto no3Bo/iqGT onpeAe/i^Tb c/iGAyiomMG napaMGTpw ncc/ieAyeMoro 
BeiuecTBa: yMGHbWGHMG cpeAHero 3HasGHMq mhtghcmbhoctm BAO/ib HanpaBJiGHMq 
MOAyiHUHH nyHKa onpGAe/iqGT Be/iMHUHy nor/iomGHMq pemreHOBCKoro M3/iynGHMq 
pa3JiMHHbiMM HacTWMH o6"bGioa, a m3mghghmg r/iy6nHbi MOAynquHM pacnpGAS/iGHMq 

MHTGHCMBHOCTM COAep>KMT B HG^BHOM BMA6 Cj>yHKI4MK) paCCGqHMq o6"bGKTa. fSj\K 
06Hap\0KGHMq HGOAHOPOAHOCTH B o6t>GKTG, 33HMMaGMOM I4CC/1 &J\y& M bl M BGL14GCTBOM , 
HGOSXOAMMO, ST06bl nGpMOA npOCTpaHCTBGHHOM MORynnU,MV\ M3JiyHGHMq B o6bgktg 
6bl/l MGHbUJG pa3M6pa CaMOM HGOAHOpOAHOCTM. 

MyBCTBMTG/lbHOCTb OnMCblBaGMOM yCTaHOBKH K pGrMCTpaUMM MHTGHCMBHOCTM 

paccG«HHoro M3/iysGHMq onpGAejiaGTcq npocTpaHCTBGHHOM nacTOTOM m r/iy6MHOM 
MOAynflUWM naAaioujiGro M3JiyHGHMq m pa3pGixiGHMGM Mcnojib3yGMoro AeTGicropa. 

HGM BblliJG npOCTpaHCTBGHHan HaCTOTa MOAyJl«UMM M3/iyMGHMq M 60/lblLIG r/iy6MHa 
MOAyJl^UMM, TGM CMJlbHGG SyAeT M3MGH«TbCq C^yHKUMW paCnpGA&HGHMq 
MHTGHCMBHOCTM M3JiyHGHMq npM BHGCGHMM o6"bGKTa. OAH3KO MaKCMMa/lbHbIG 
3HaMGHMq AOnyCTMMOM npOCTpaHCTBGHHOM HaCTOTbl MOAyJl«UHM M3/iyHGHMq 
OrpaHMHGHbl napaMGTpaMM MCnO/lb3yGMOrO MOAy/l^TOpa M pa3pGLUGHMGM 
pGrMCTpMpy»OLUMX 3J1GM6HTOB. HpOCTpaHCTBGHHaq HyBCTBMTG/lbHOCTb AeTGKTOpa 
AO/lXHbl 6blTb MGHbUJG nGpMOAa npOCTpaHCTBGHHOM MOAy^^UUM M3/iyHGHMq, 
npGAHOHTMTGJlbHO Ha nopqAOK. HGO6XOAMMO TaiOKG, MTOSbl AeTGKTOp 6bl/l 
My BCTB MTG/1 G H K pGrMCTpai^MM M3/iyHGHMq B LUMpOKOM AMHBMMHeCKOM AHana30HG 
3H34GHMM MHTGHCMBHOCTM. 

BO BCGX OnMCaHHblX BblLUG ycTpo MCTBaX MOXGT MCnO/lb30BaTbCq nynoK 
npOHMKaiOLUGrO M3/iyMGHMq pa3/lMHHOM 0OPMW, B 33BMCMMOCTM OT XapaKTGpa 

MCc/]GAyeMoro o6t>6ioa. HanpMMGp Anq MCc/iGAOBaHMq oGbgioob, mmgioiumx 
aHM30TponMio paccGMBaioiMMx cbomctb (aHM30TponHyio CTpyioypy) hgo6xoahmo, 

MTO6bl yCTpOMCTBO MMG/IO B03M0XH0CTb pGrMCTpMpOB3Tb paCCGqHMG o6"bGKTa nO 

KpaMHGM MGpG b Asyx B33MMHO nGpnGHAHicy/iqpHbix HanpaB/iGHMqx. finn 3Toro MoryT 
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6biTb ncno/ib30BaHbi: TonesHbifi nysoK npocBeMMBaioiuero n3/iyHeHW5i, ABa B3anMHo 
nepneHAMKyjiqpHbix n/iocKwx BeepHbix nysKa, nMe»omnx OAnnaKOBoe HanpaB/ieHne 
pacnpocTpaHeHnw n t.a*. 

CymHOCTb M3o6peTeHnq noacHaeTCH oneAy»omnMn cJ)wrypaMn sepTexeti, 

rAe: 

Ha 0MT.1 nOKa3aH OAHH M3 BapnaHTOB TOMOrpacj)MHGCKOtl yCTaHOBKM, B kotopom 

nysoK npoHMKaiomero M3/iyneHnq b HanpaB/ieHHH, nepneHAMKy/iqpHOM n/iocKOCTH 
BpaiueHMq onTMsecKOM cucTeMbi, no/iHOCTbio nepeKpbiBaeT ncc/ieAyeMyjo 06/iacTb 
o6i>eKTa; 

Ha cj)nr.2 M3o6paxeHo ycTpoiiCTBO, b kotopom nepeMeLueHne cucTeMbi "mctohhuk - 
KOJi/iMMaTop - n pocTpaH CTBe h h w ii c|)mibTp - AeTeKTop" OTHOCMTe/ibHO oSteicra 
npon3BOAHTCfl no cnnpaiibHOM TpaeKTopnn; 

Ha (J)Mr.3 noKa3aHa cxeMa TOMorpacJ^a, b kotopom ncno/ib3yeTcq HecKOJibKO 

HAeHTHHHblX CMCTGM "MCTOHHMK - KOJUlMMaTOp - n pOCTpaHCTBe H H bl M (JjMJlbTp - 

AeTexrop"; 

Ha <J)nr.4 noKa3aHa TOMorpa<t>MHecKa« ycTaHOBKa, b kotopom CMCTeMa "mctohhuk - 
Ko/viMMaTop - AeTeKTop" nepeMemaeTCH no TpaeicropuM, Jiexamefi Ha noBepxHOCTM 
cct>epbi, pacno/ioxeHHoti BOKpyr nconeAyeMOM 06/iacTM oSteKTa; 
Ha cJ>Mr.5 noKa3aHa OAHa M3 TeMHono/ibHbix cxeM oAHOBpeMeHHOM perwcTpaunn 
Ma/ioymoBoro paccenHHoro M3/iyseHMP m M3JiyHeHM* nepBMHHoro nysKa cor/iacHo 
AaHHOMy n3o6peTeHM»o; 

Ha 4>nr.6 noKa3aHa Ta xe cxeMa OAHOBpeMeHHOM perncTpauuM Ma/ioyr/iOBoro 
pacceaHHoro M3JiyneHMfl m M3/iyHeHMH nepBMHHoro nysKa c ycTaHOB/ieHHOM Ha nyni 
nepBMMHoro nysKa no/iynpo3pasHOM jioByuuKOM, noHnxaiomeCi ypoBeHb 
nHTeHCMBHOCTM b 3tom nyHKe ao ypoBHfl MHTeHCMBHOctM pacceflHHoro M3/iyseHnq; 
Ha <t>nr.7 noKa3aHa cxeMa c MHorome/ieBbiM KO/i-nniviaTopoM m n pocTpaHCTBeH h bi m 
nojiynpo3paMHbiM <t>n/ibTpoM nepeA AeTeicroppM, 

Ha 4>nr.8 M3o6paxeHa Apyraa cxeMa OAHOBpeMeHHOM perncTpauHM Ma/ioymoBoro 
paccenHHoro M3/iyneHMfl m M3JiyneHMfl nepBMHHoro nyHKa, b kotopom AeTeicrop 
M3Mep«eT pacnpeAe/ieHne MHTeHCMBHOCTM M3JiyneHMH b nepBMHHOM nyHKe 3a 
o6"beKTOM; 

Ha 0Mr.9 noKa3aHa eiue OAHa cxeMa perwcTpaunn c npocTpaHCTBeHHoii 
MOj\ynnuyiev\ naAaiomero Ha o6t>eKT M3/iyseHMq. 

Oahmm M3 BapnaHTOB ycTpowcTBa Ana no/iyneHMfl KapTMHbi pacnpeAe/ieHMfl 
a/ieicrpoHHOM n/iOTHOCTM b McaneAyeMOM o6i>eKTe nanfleTCfl noKa3aHHwii Ha <|)Mr.1 
Ma^oyr/iosofi TOMorpa<t>, BK/HOHaiounwM b ceSfl mctohhmk 1 n3iiyseHnq f Ko/uiMMaTop 




14 



2, n pocTpaHCTBe h ho - ny BCTBMTe/i bH bi v\ agtgktop 3 m pacnojioxGHHbiii MexAy 
ncc/ieAyeMbiM oB-beicroM 4 m agtgktopom 3 n pocrrpaHCTBGH Hbi v\ cJnuibTp 5. 
Beepoo6pa3Hbiii nynoK 6 npoHHKa»OLuero M3JiyHeHHR, 4>opMMpyeMbiti 
KO/i/iMMaTopoM 2, MMeeT b oahom HanpaBjieHMM (n/iocKOCTn BpaLueHnq) LUMpHHy M 
yrviOByK) pacxoAMMOCTb, o6ecneMiiBaiOLuiie perncTpaunK) Manoyr/iOBoro 
pacceflHMH, HannHaq c yrna a ( a- mo>kgt 6biTb HGCKO/ibKO ymoBbix CGKyHA). B 
nepneHAMKy/i«pHOM HanpaB/ieHnn nysoK nepeKpbmaeT bckd ncc/ieAyeMyio 06/iacTb 
ofifeeicra. Pacce^HHoe H3/ryMeHne 7 perncTpupyeTcq agtgktopom 3 b HanpaB/ieHwn, 
nepneHAHKy/inpHOM n/iocKOCTM nyHKa. M3/iyseHne 8 nepBUHHoro nyHKa 3a 
o6"bGKTOM perncTpMpyeTCfl jimhgmkom a^tg kto po b 9, pacno/ioxeHHbix Ha 
npocTpaHCTBeHHOM ct>M/ibTpe 5. Pa3peiueHne CTpyjaypHbix hgoahopoahoctgm b 
MCc/ieAyeMOM o6*b6KT6 b HanpaB/ieHMM, nepneHAMKy/iqpHOM n/iocKOCTM BeepHoro 
nyHKa, onpGAG/iaiOTCfl lumpmhom caMoro nyHKa; a b HanpaanGHww BAo/ib n/iocKocTM 
nyHKa onpeAG/iaiOTCH pa3MepaMM HyscTBMTejibHbix sjigmghtob AeTeKropa. CucTeivia 
nepeMeiueHnq (Ha nepTexe He noKa3aHa) oOecnennBaeT BpauneHne wcTOHHUKa, 
KOJi/iMMaTopa, npocTpaHCTBGHHoro ct»njibTpa n AeTeKropa BOKpyr Mcc/iGAyGMoro 
o6-beKTa 4 Ha yro/i 360°. 3a oamh uhkji n3MepeHMM cucTeivia ocymGCTB/iHeT oamh 

MJ1H HGCKOJlbKO OSopOTOB, npM 3T0M nOA KSDKAbIM W3 yr/iOB npOCBGHMBaHMfl 

06-beicra perncrpwpyK)TC?i npoLueAtuee 8 m pacce^HHoe 7 o6"bGKTOM M3iiyMeHne. 
KoMnbiOTepHan CMCTGMa o6pa6aTbiBaeT nojiyseHHbie ASiHHbie n CTaBMT b 
cootbgtctbmg Ka>KAOM 06-nacTM ncc/ieAyeMoro o6"t>GKTa ee paccenBaioiuMe 
(pacnpeAe/ieHne 3/igktpohhom n/iOTHocTM) m nor/iouiaiomMe CBOMCTBa. B 
pe3y/ibTaTe 3Toro ocymGCTB/iaGTca peKOHCTpyKunq BHyrpeHHGM CTpyioypbi 
o6*beicra. 

flpyroii BapnaHT ycrrpoMCTBa, noKa3aHHbiM Ha 4)nr.2, npeAycMaTpuBaeT 
co3AaHwe TpexMepnoro M3o6pa>KGHMfl BHyrpeHHew cxpyioypbi ncc/ieAyeMoro 
oSteicra 4, MMeioiAero 3HaHMTe/ibHbie pa3Mepw b oahom HanpaaneHMM. flpn stom 
onTusecKaq cMcrreMa: mctohhmk 1 f KO/uimviaTop 2, npocTpaHCTBGHHbiii 4>n/ibTp 5, 
agtgktop 3 - ocymecxB/ineT cnnpanbHoe nepeMemeHwe OTHOCMTG/ibHO 
ncc/ieAyeMoro o6t6KTa 4. HanpuMep, 3to mo>kgt 6biTb CMCTeMa mctohhmk 1, 
KOJuiMMaTOp 2, npocTpaHCTBGHHbiM <$>M/ibTp 5, AeTeicrop 3, aHanorMMHan onMcaHHoii 

BblLUe, npMHGM npOCTpaHCTBGHHbIM <t>M/lbTp 5 BbinO/IHGH M3 MaTGpMa/ia, 

no/iynpo3paHHoro j\na npoHMKaiomero MS/iynGHMFi, kotopwm yMeHbtuaeT 
MHTGHCMBHOCTb M3/iyHeHnq b nepBMHHOM nyMKG 3a oSteKTOM ao ypoBHq 

MHTGHCMBHOCTM M3/iyMGHMfl, paCCGAHHOTO nOA Ma/1btMM yriiaMM. KOililMMaTOp 2 

pacno/ioxGH thkmm o6pa30M t hto n/iocKOCTb (JiopMMpyeMoro mm Beepnoro nyHKa 
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jiexnT b n/iocKOCTM BpaLueHnq cucTeMbi. nonepeMHbie pa3Mepw 
npocBenMBaioiMero nysica aojixhw 6biTb 6ojibuje nonepenHbix pa3MepoB jikdSom 
o6/iacTM ncc/ieAyeMoro 06-beicra. OnTMsecKaa CMCTervia pacno/ioxeHa Ha xecTKOM 
paMe 10, Kcrropa* moxbt noBopannBaTbCfl BOKpyr wconeAyeMoro oSteicra Ha yro/i 
360°. ripw Bpau4GHi/in paMbi 10 zioxe-TpaHcnopTep 11, Ha kotopom pacnojiaraeTc* 
ncc/ieAyeMbiM oSteKT 4, nepeMemaeTCfl BAO/ib ocm BpameHnq. riynoK 
npoHMKaiOLuero M3/iyHeHnq noc/ieAOBaTe/ibHo npocBennBaeT Ka>KAyK> 06/iacTb 
o6teKTa co Bcex HanpaB/ieHMM ( 360°). CKopocTb nepeMemeHM* o6-beicra 
onpeAe/i^eTcn CKopocTbK) BpameHMH onTMnecKoii cucTeMbi m HyBCTBMTe/ibHocTbio 
AeTeicropa 3. BbiAe/ieHne m o6pa6oTKa cMma^a, OTBenaiounero Ma/ioyr/ioBOMy 
pacce^HMKD n npoiueALueMy sepe3 oG^eicr M3JiyneHMio, ocyinecTB/iaeTCfl 
aHanornHHo ycTpOMCTBy, onMcaHHOMy Bbitue. 

Yctpomctbo, npeACTaBJieHHoe Ha 4>nr.3, npeAycMaTpuBaeT Ha/iMHMe 

HeCKO/lbKMX MAeHTUHHblX CMCTeM MCTOHHUK 1 f KOJUlUMaTOp 2, npOCTpaHCTBeHHbIM 

cf)MiibTp 5, AeTeicrop 3, pacno/ioxeHHbix hoa pa3HbiMM yrjiaMM OTHOCMTe/ibHO 
o6"beKTa 4. HanpuMep, 3to mo>kgt 6biTb ycTpoiiCTBo, BKJuowaioLuee b ce6a Tpn m 
6o/iee nAeHTMHHbie cucTeMbi, aHa/iorMHHbie onncaHHbiM Bbiuje, pacno/ioxeHHbie 
paBHOMepHO noA pa3HbiMM yr/iaMM b oahom n/iocKOCTM. OopMnpyeMbie Ka>KAOM w3 
CMCTeM BeepHbie nysKw 6 ziexaT b oahom nnocKOCTn, cooTBeTCTBy 10 me m rmocKocTM 
pacno/io>KeHMfl cawinx CMCTeM, m nepeicpbiBaiOT bckd ncc/ieAyeMyio o6/iacTb 
o6iDeKTa. PeKOHCTpyKUMH BHyrpeHHefi cTpyioypbi npocBeHMBaeMoii oSiiac™ 
oSteKra ocyiuecTB/ifleTcn npn conocTaB/ieHMM ashhux, nonyseHHbix ot ksdkaom M3 
CMCTeM. Ana no/iyseHMfl TpexMepHoro M3o6pa>KeHMfl BHyrpeHHew CTpyioypbi 
oS-beicTa, wcc/ieAyeMbiM o6i>eKT m ycTpofiCTBo nepeMemaiOTCH APyr OTHOCMTe/ibHO 
APyra. HanpuMep, sto MoxeT SbiTb nepeMemeHMe ycTpoiiCTBa ksk ue/ioro 
(n/iocKOCTn CMCTeM) b HanpaB/ieHMM npoAO/ibHOM ocm o6i>eKTa 4. BbiAe/ieHMe 
AaHHbix, cooTBeTCTByioiAnx pacce^HHOMy m nor/iomeHHOMy b m c cji e Ay © m o m 
oSteicre M3JiyHeHMJO, m peKOHCTpyKUM« TpexMepHoro M3o6p£DKeHMq o6t>eKra 
ocymecTsrmeTCH aHanorMHHO ycTpOMCTBaM , onucaHHbiM Bbiiue. Mcno/ib30BaHMe 
HecKO/ibKMx CMCTeM no3BO/iHeT yBe/iMHMTb CKopocTb nojiyneHMq AaHHbix 06 
m cc/i e Ay© mom o6i>eKTe. 

Ha <|>Mr.4 noKa3aHo ycTpoMCTBo komii bioTepHOM TOMorpacJ^MM, 

ocHOBaHHoe Ha npMHUMne peKOHCTpyKUMM BHyrpeHHeM CTpyioypbi oSteicra no 
A&hhum pacce^HHoro m nor/iomeHHoro o6"bei<TOM M3/iyHeHMw, cocTonmee M3 
MCTOHHMKa 1 M3/iyHeHMfl, KO/uiMMaTopa 2, BbicoKOpa3peiuaioiMero no3MUMOHHo- 
nyBCTBMTe/ibHoro AeTeicropa 3. Ko/i/iMMaTop ct>opMMpyeT TosesHbiM m/im ujtpmxobom 



# 
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nynoK, npocBesMBaiomMii McaneAyeMyio o6/iacTb o6-beicra. ripn 3tom onTMnecKaw 
cucTeMa: mctohhmk 1 M3JiysGHMfl, KO/i/iMMaTop 2 w AeTGicrop 3 nepeMemaiOTCfl no 
cjioxhom TpaeKTopnn, Jiexameii Ha noBepxHOCTM ccfrepw, pacnojio*eHHOM BOKpyr 
ncc/ieAyeMOti 06/iacTn oSteicra 4. OopMMpyeMbiM KOJuiMMaTopoM nynoK AOJixeH 
OTBenaTb yc/iOBMHM, Heo6xoAMMbiM j\na perncTpaunn M3JiyHeHMH, pacceaHHoro noA 
Ma/ibiMn yr/iaMM, m OAHOBpeMeHHO perncTpauwn npouieAUJero sepe3 oSteicT 
i/i3/iyH8Hi/ifl. BbiAe/ieHne AaHHbix, cooTBGTCTByioiJUMx pacceflHHOMy m norjiomeHHOMy 
b MCCJieAyeMOM oS-beKre M3/iyHeHMio, nponcxoAUT no oahom H3 cxeivi, onMcaHHbix 
Bbiuje. HanpMMep, no onpeAe/ieHMKD n3MeHeHnq pacnpeAe/ieHnq mhtghcmbhoctm 
M3/iyMeHnyj b nepBMHHOM nysKe 3a oSteicTOM. ripn stom MyBCTBMTe/ibHbie sjigmghth 
AeTeicropa 3 aojixhw 6biTb MeHbiue no/iyujupwHbi pacnpeAejieHMH mhtghcmbhoctm 
pemreHOBCicoro nysica b n/iocKOCTM peracTpauMM, npeAnoHTMTe/ibHo MeHbuue Ha 
nop^AOK. KojiMsecTBO npoeicuMM m cc/i eAy © mom 06/iacTM o6teKTa, nojiyseHHbix npM 
nepeMemeHMM onTMsecKOM cMCTeMbi ycTpoMCTBa no TpaeicropMM, ao/ixho 6biTb 
AOCTaTOHHbiM Ann c|)opMMpoBaHMq TpexMepHoro M3o6paxeHMn pacnpGAG/iGHMfl 
a/ieicrpoHHOM n/iOTHOCTM b 3TOM o6/iacTM. nocne o6pa6oTKM KOMnblOTepHafl 
CMCTeMa 0opMMpyeT TpexMepHoe M3o6paxeHMe m cc/i g Ay© mom 06/iacTM o6i>eKTa. 
TaKoe ycTpoMCTBo MOXceT 6biTb, HanpMMep, McnoJib30BaHo a^« nojiyseHMH 
TOMorpaMM M03ra. 

Ha 4>Mr.5-9 noKa3aHbi pa3/iMSHbie BapwaHTbi onTMsecKMx cxeM 
OAHOBpeMeHHOM perMCTpauMM M3/iy4eHMfl, pacceaHHoro noA Ma/ibiMM yr/iaMM, m 
M3/iyMeHMfl nepBMMHoro nyHKa 3a o6"bGKTOM. 

B KanecTse oahoto M3 BapMaHTOB TaKOM cxeMbi (4>Mr.5) mo>kot 6biTb 
Mcno/ib30BaHa CMCTeMa, cocToamafl M3 mctomhmk3 1 peHTreHOBCKoro M3/iyHeHM5?, 
KOJi/iMMaTopa 2, Bbino/iHGHHoro, HanpMMep, no cxeMe KpaTKM, cf>opMMpy»oiJuero 
M3/iyseHMe b bma© n/iocKoro BeepHoro nysKa, lumpmhom m ynnoBOM pacxoAMMOCTbio, 

no KpaMHeM Mepe B OAHOM HanpaB/ieHMM / TaKOM, HT06b! MMeTb B03MO>KHOCTb 

perMCTpMpoBaTb paccenHHoe M3/iyHGHMG b y/ibTpaManoymosoM Anana30HG, b 
APyroM HanpaB/iGHMM c^opMMpyGMbiM KO/i/iMMaTopoM nysoK ao/ixgh nepGKpbmaTb 
bck) MCC/ieAyeMyio o6iiacTb oSteicra 4, n pocTpaHCTBeH Horo <J)MjibTpa 5 m 

AByXKOOPAHHaTHOTO n03MUMOHHO-HyBCTBMTe/lbHOrO AeTGKTopa 3. Ha 
npOCTpaHCTBeHHOM Cj)M/lbTpG 5 pa3MGLUGHbl ASTeKTOpbl 9, M3M6pHK)mM6 
MHTGHCMBHOCTb M3JiyHGHMfl B nGpBMHHOM nyHKG 3a 06"bGKTOM. PIpM 3TOM ASTeKTOpbl 

9 AOJixHbi MMGTb TaKMe pa3Mepbi m 6brrb pacno/ioaceHbi t3kmm o6pa30M, HTo6bi He 

B/lMHTb Ha perMCTpaHMK) AByXKOOpAMHaTHbIM AeTeKTOpOM 3 M3/iyHeHM« 7 

pacce^HHoro o6teKTOM 4. 
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Ha 4>w\6 npeACTaB/ieH Apyrotf BapwaHT cxeMbi a™ OAHoepeMeHHoii 
perncTpauMM M3JiyHeHHH, pacceflHHoro 7 m npoujeAwero 8 nepe3 o6teKT 4. B stow 
cxeMe npeAycMOTpeHo BBeAeHne b KaHa/i npoweALuero 8 sepe3 og-beicr nyHKa 
npocTpaHCTBeHHoro cfni/ibTpa 5, nacTHHHO nponycKaramero M3/iyHeHne. 
ripeAnoHTMTe/ibHO, hto6w i/iHTeHCHBHocTb M3/iyHeHn* Ha rpaHMuax nepBMSHoro 
nyHKa 3a npocTpaHCTBeHHbiM 4>n/ibTpoM 5 6bma Ha nop^AOK MeHbiue, neM 
MHTeHCMBHOCTb pacceaHHoro n3,nyHeHMq 7 b6jih3h rpaHHq, nepBHHHoro nyHKa. flpn 
3tom cJjyHKUnyi pacceHHHH M3iiyseHMP o6"bGKTOM onpeAe/ifleTc* HenocpeACTBeHHo no 
ABHHbiM, no/iyMeHHbiM c AGTeicropa 3, a MHTeHCMBHOCTb M3JiyHeHM«, npoLueAUJero 
sepe3 oS-beicr, BbiHwcjiaeTCfl no M3BecTHOMy KoactxJwuweHTy nor/iotueHnq M3JiyneHnq 

C|)M/lbTpOM. 

Eme oahh BapnaHT cxeMbi (<J>nr.7) ajih OAHOBpeMeHHofi perncTpaunw 
M3JiyHeHMfl f pacce^HHoro 7 m npoweAwero 8 nepe3 oCteKT 4, MoxeT coAepxnT 
hctohhhk 1 npoHMKaiomero 143/iyHeHMfl, Ko/i/iMMaTop 2, c|>opMnpyiomnii naAatoiui/ift 
Ha o6"beKT noTOK M3/iyHeHnq b bmag HecKO/ibKiix y3Knx MajiopacxoA^iMnxcn nynKOB, 
pacno-no>KeHHbM 3a o6"beicroM npocTpaHCTBeHHbiM <J>nnbTp 5 m no3nunoHHo- 
ny BCTBMTG/i bHbi m AGTeicrop 3. Ko/uiwMaTop 2 Bbino/iHeH b bhag perynnpHoii 
nepnoAHHecKoPi cTpyiorypbi, npeACTaB/m*omeM coSofi npo3paHHbie a/ih M3/iyHeHnq 
ysacTKM b BMAe me/ietf mii/i KaHa/iOB m HepeAyiomwecfl c hhmh Henpo3panHbie 
ysacTKM. 

OopMnpyeMbie Jiynw nepeKpbmaiOT OTA&nbHyjo no/iocy b npoeicuMw o6*beKra 
4. npocTpaHCTBeHHbifi 4>n/ibTp 5 npeACTaB/iaeT co6om noAoSHyio KOJi/inMaTopy 2 
pery/mpHyio nepHOAnnecKyio crrpyiaypy, b kotopom ynacTKM, cooTB6TCTByio laug 
npo3pasHbiM ynacTKaM Ko/uiMMaTopa , Bbino/iHeHbi H3 no/iynpo3paMHoro nna 
npoHMKaKDmero M3/iyHeHnq MaTepna/ia TaK, hto no/iynpo3pasHbie ysacTKM (J>mibTpa 
10 nepeicpbiBaiOT npo3pasHbie ynacTKH KO/uiwMaTopa 2. ripn 3tom pa3Mepw KaHa/ioB 
(m/im uxenew) m nepwoA CTpyiaypbi KO/i/iMMaTOpa 2, a TaioKe pa3Mepw npo3pasHbix 
ynacTKOB n pocTpaHCTBeH hofo <t>mibTpa 5 aojixhw oSecnesnTb perMcrrpauwo Ha 
no3MUMOHHO-HyBCTBHTe/ibHOM AGTejcrope 3 Ma/ioyr/iOBoro paccenHHoro 7 w3JiyHeHnq 
m, OTAe/ibHO, oc/ia6/ieHHoro M3/iyHeHnq f npoiueAwerb 8 nepe3 oS-beicr 4. OopMa h 
pacno/ioxeHMe KaHanoB onpeAei*K)TCH xapaKrepoM wcc/ieAyeMbix b a^hhom 
ycTaHOBKe o6t>ei<TOB. 06uhmmm TpeSoBaHMAMn, npeA^B/ineMbiMM k TaxoMy Tuny 
KO/i/iMMaTopoB, ABJiflioTCfl c/ieAyKDuune: Bo-nepBbix, /ihhum noBepxHocTew, 
o6pa3yK3iunx npo3paHHbie KaHanu, ao/ixhw cxoAWTbcn Ha 4>oicycHOM nnTHe 
MCTOHHMKa c ue/ibK) yBe/iMHeHiifl 3 h e p rooTAas m yCTaHOBKM, npn stom n3/iyHeHne b 
pa3/iMHHbie KaHanbi KO/i/iMMaTopa 2 MO^KeT nonaAaTb M3 pa3Hbix o6/iacTew 
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<t>OKycHoro rmTHa ncTOHHMKa 1 (ncnojib30BaHne moiahux LunpoKoct>OKycHbix 

MCTOHHMKOB M3JiyHeHMq); BO-BTOpblX, KOJl/lUMaTOp AO/ixeH ct>opMnpoBaTb nyHKM 
UJMPMHOM M paCXOAHMOCTbK) y TaKOM, HTOSbl MM 8Tb B03MOXHOCTb perMCTpMpOBaTb 

pacceaHHoe b Ma/ioynnoBOM Anana30He ns/iyseHne, T.e., MTo6bi jik>6om pacceqHHbifi 
o6*b@KTOM noA Ma^biM yr/iOM a nyn BbixoAHJi 3a rpaHMUbi nepBMHHoro nysKa b 30He 
periiCTpauMM; s-TpeTbux, nepnoA CTpyicrypbi KO/uiMMaTopa AO/ixeH 6biTb TaKOM, 
HToSbi coceAHne nyHKn He nepeicpbiBa/iMCb APyr c ApyroM b n/iocKOCTM AeTexropa, 
hto no3BOJiaeT perwcTpupoBaTb pacceflHue Ha Ma/ibie yrjibi BruiOTb ao yr/ia p (a m p 
- yr/ibi, onpeAeJi^KDiAwe perncTpupyeMbifi Ma^oymoBOM Awana30H: a moxgt 6biTb 5 
yr/iOBbix ceKyHA m 6cxnbuje, p - ao 1 rpaAyca). 

KoHCTpyicrnBHO me/ieBoPi KO/i/iMMaTop MOxeT 6biTb Bbino/iHeH, Hanpniviep, b 
BMAe sepeAyKDiUMxcw Henpo3paHHbix Anq M3/iyneHMq n/iacTHH m 3a3opoB MexAy 

HMMH. 

n pOCTpaH CTBGH H b! Pi <J)MJlbTp Ma/lOyr/lOBOrO M3/iyHeHMq flB/lWeTCfl OTBeTHOM 

peryiiqpHOM nepnoAMHecKoii CTpyioypoM ann KO/i/iMMaTopa, T.e. oh ycTpoeH tbkmm 
o6pa30M, hto oc/ia6/iHeT npqMbie ziysn, c<t>opMnpoBaHHbie KO/i/iMMaTopoM, m 
nponycKaeT 6e3 noMex n3JiyHeHne f pacceaHHoe b rmocKOc™ oSteicra noA ManbiMM 
yr/iaMn b ymoBOM Anana30He ot a ao p. KoHCTpy ktm BHoe Bbino/iHeHne 
npocTpaHCTseHHoro (Jw/ibrpa aojixho cooTBeTCTBOBaTb ncno/ib3yeMOMy 
Ko/i/iMMaTopy: aha JiMHefiHoro Ko/i/iMMaTopa npocTpaHCTBeHHbm 4>n/ibTp AO/ixeH 
6biTb Bbino/iHeH b BMAe /lMHeiiHoro pacTpa. Be/iMHMHa ocjia6/ieHM« M3JiyneHMq 
npqMoro nysKa onpeAe/iqeTcq KoacJ)ct)MHMeHTOM nor/iomeHMq npocTpaHCTBeHHoro 
(J)M/ibTpa. 

Ha ct>Mr.8 npeACTaB/ieHa APyraq cxeMa a/ia OAHOBpeMeHHOM perMCTpauMM 
Ma/ioyr/iOBoro pacceqHHoro M3/iyseHMq m M3/iyseHMq nepBMHHoro nyHxa, b kotopom 
BbicoKopa3peoiaK)iAMM AeTeicrop 3 M3MepqeT pacnpeAe/ieHMe MHTeHCMBHocTM 
M3JiyseHMq b pemreHOBCKOM nynice npM Hanw^MM 7 m b OTcyrcTBMM 8 o6"beicTa 4. B 
3tom c/iysae KO/i/iMMaTop 2 4>opMMpyeT M3/iyneHMe MCTOHHMKa 1 b BMAe n/iocicoro 
BeepHoro nysKa, MMeiouuero b oahom HanpaBJieHMM yrviOBoe pacnpeAe/ieHMe 
MHTeHCMBHocTM, no c^opMe 6/iM3Koe k S-c^yHKUMM, m b ApyroM - nepexpbiBaiomero 
BCio Mcc/ieAyeMyio 06/iacTb o6Beicra J\n?\ o6ecneseHMq tohhoctm M3MepeHMM 
Heo6xoAHMO, 4To6bi pa3Mepw OTAonbHbix syBCTBMTe/ibHbix 3/ieMeHTOB AeTeKTopa 
Shjim MeHbiue no/iyiuMpMHbi pacnpeAeiieHMq MHTeHCMBHocTM pemreHOBCKoro 
nysKa 8 b h/iockoctm perMCTpauMM, npeAnosTMTe/ibHO MeHbuje Ha nopqAOK. TaKOM 
cnoco6 M3MepeHMM no3BO/iqeT periiCTpwpoBaTb pacceqHHbie 7 noA m3jiwmm 
yr/iaMM pemreHOBCKMe iiysn, He TO/ibKO BbixoA^iAwe 3a rpaHMuw nywica, ho m Te, 
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hto npwBOAHT k nepepacnpeAe/ieHMio hhtghcmbhoctm H3/iyHeHMq BHyrpw nysKa, 

4T06bl MMGTb B03MOXHOCTb CpaBHMBHTb HG3HaHHTGJlbHblG M3M6HGHHq SOJIbUJHX 

CMmanoB ripn o6pa6oTKe AaHHbix, no/iyseHHbie pacnpeAe/ieHnw hhtghcmbhocth 
M3/iyHGHMR b nysKG npw Hannsnn m b OTcyrcTBMn oSteKra HopMMpyjoT Ha o6my»o 
m HTe h c m b HOCTb naAaiOLAGro m npoiueAiuero sepe3 o6*bGKT n3JiyH6HMfl, 
cooTBeTCTBeHHO. TaKMM o6pa30M, no/iyneHHbie aslnhug npuBOA^Tcq k o6lmmm 

yCJIOBMflM, M M3MGHGHMG 0OpMbl KpMBOCl paCnpeAe/ieHUH MHTGHCMBHOCTH 

M3/iyHeHnq b nysKe (pa3HocTb HopMnpoBaHHoro n pocTpaHCTBeH hopo 
pacnpeAe/ieHMfl mhtghcmbhoctm) 6yAer OTpaxaTb 4>yHKUnio pacce^Hiiq cpeAbi, 
sepe3 KOTopyio npoxoAMT n3/iyseHne. 06luhm Tpe6oBaHneM k AeTGicropaM npn 
TaKOM cxeMe oahobpgmghhom perMCTpaunn n3JiyHGHMH, pacce^HHoro 7 m 
npoiueAUJero 8 wepG3 oSteicr, qs/iHGTCfl hx cnocoSHOCTb M3Mep«Tb MHTGHCHBHOCTb 
M3/iyseHnn b ujmpokom AMHaMnsecKOM Anana30HG 3HaH6Hnft. 

flpyroti BapnaHT cxeMbi ((Jnir.9) no3BOJiH6T onpGAe/iflTb paccenBaHDmne n 
noriiomaioiMMe cbomctb3 ncc/ieAyeMoro o6-bGKra npn wcno/ib30BaHnn ujupoKoro 
nyHKa npoHUKaiOLuero n3JiyHGHnn. 3tot BapnaHT cxeMbi no3BO/ineT scJx^gkthbhgg 
ncno/ib30BaTb M3/iyHeHne MCTOMHUKa 1 . Oh OT/innaeTcq tgm, hto KO/uii/iMaTop 2 
npeACTaBJiaeT co6om MHoroLue/ieByio nepwoAMHecKy»o CTpyicrypy, <t>opMnpyiounyio 
noTOK pGHTfGHOBCKoro n3JiywGHMfl b bhag lu v\ pOKoro nynica, npoMOAynnpoBaHHoro c 

BblCOKOM npOCTpaHCTBGHHOM HaCTOTOM. flGTGKTOp 3, HMGIOU4MM BblCOKOG 
npOCTpaHCTBGHHOG pa3pGLU6HHG B HJIOCKOCTM pGrMCTpaL^MM , H3MGPHGT 

nGpnoA^^GCKM MOAyJinpoBaHHOG pacnpGAe/iGHHG mhtghchbhoctm n3JiyHGHMfl ripn 

HaJlMHMM H B OTCyTCTBUM OCbGKTa 4. Ha/IMHMG 06"bGKTa 4 B yCTpOMCTBG npMBOAUT K 
M3MGHGHMK) C^yHKUMM MOAy/JHUHH paCnpGAGJlGHHfl MHTGHCHBHOCTM B n/lOCKOCTM 

AGTGKTopa 3, hto no3BOfi«GT onpGAe/iHTb cjiGAytOLUMG napaMGTpbi nccJiGAyeMoro 

BGLMGCTBa: BGJlMHUHy nOrjlOLAGHMH pGHTrGHOBCKOTO M3/iyHGHHH pa3J!MHHb1MM 
HaCTOMM 06*bGKTa nO yMGHbLUGHWO CPGAHGTTO 3HaH6HHH MHTGHCMBHOCTM BAOJlb 

HanpaB/iGHnq MOAyJiaunw nyHKa, <t>yHKi4wo pacceaHMH o6"beicra no M3MGHeHMio 
rjiy6nHbi MOAy-n^Unn pacnpGAe/ieHMH mhtghchbhocth. A™ o6Hapy>KGHnq 

HGOAHOPOAHOCTM B oSTdGKTG, 3aHMMaeMOM HCCJlGAyGMblM BGIMGCTBOM, HGOSxOAHMO, 
HT06bl nGpMOA npOCTpaHCTBGHHOM MOAy^^U^M M3JiyHGHM51 B oSTdGKTG 6b!/l MGHbLUG 

pa3MGpa caMOM hgoahopoahoctm. 

HyBCTBMTGJlbHOCTb OnWCbtBaGMOM yCTaHOBKM K pcmCTpaUMM MHTGHCMBHOCTM 

paccGAHHoro M3/iyHeHuq onpGAe/iflGTCH npocrrpaHCTBGHHOM nacTOTOM m r/iy6wHOM 
MOAy/iflUMM naAaraiMGro M3/iyHGHnq m pa3pGLUGHMGM ncno/ib3yGMoro AGTGKTopa. 
MeM bwujg npocTpaHCTBGHHaq nacTOTa MOAy/i^unn M3JiyHGHMR m 6ont>me r/iy6nHa 
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MOAynaunHi TeM cwibHee 6yA©T M3MeHqTbca 4)yHKi4Mq pacnpeAe/ieHwq 

HHT6HCMBHOCTH H3JiyHeHHa npM BHGCGHMM oSteKTa. OaHSKO MaKCMMa/lbHbie 

3HaneHM9 AonycTWMoCi n pocTpaHCTBeH hoCi nacTOTbi MOAyn*unn w3/iyHeHnq 
orpaHnseHbi napaMeTpaMM ncnojib3yeMoro MOAy/iflTopa m pa3peiueHneM 
perncTpnpyiOLAnx aneMeHTOB. npocrrpaHCTBeHHaH HyBCTBi/rranbHocTb AeTexropa 
AO/i>KHa 6biTb MeHbtue nepnoAa npocrrpaHCTBeHHofi MOAyJiflUwn n3/iyHeHHfl, 
npeAnoHTMTe/ibHO, Ha nopaAOK. HeoSxoAUMO Taiotce, MTo6bi AeTeicrop 6bm 
HyBCTBMTejieH k perncTpaunn n3JiyHeHnq b ujupokom AHHaMnsecKOM Anana30He 

3HaHeHMp1 MHTeHCMBHOCTM. 
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OopMy/ia M3o6peTeHMfl 

1. YcTpoMCTBO Ann Majioyr/iOBOM KOMnbiOTepHoPi TOMorpacJwM, coAep>Kamee 
mctohhmk npoHMKaiomero M3/iyHeHMn, Ko/i/inMaTop, 4>opMnpyKDLunfi naAaiomMM 
Ha oSteicr hotok n3JiyHem/m b bma© oahoto mjim HecKO/ibKMx y3KMx, 
Ma/iopacxoA^mnxcfl, no KpaPiHefi Mepe, b oahom Hanpae/ieHMM nyn kob, 
KOopAHHaTHO-HyBCTBMTenbHbiM AGTeicrop, ocyLAecTBJinioLAMM perncTpaunKD 
KorepeHTHoro M3/iyseHMn, paccenHHoro Ha Manbie yr/ibi, cucTeMy oTHocnTe/ibHoro 
nepeMeumeHMfl KOManeKca «hctohhhk - KO/i/iMMaTop - AeTeKTOp» m oSbeKra, m 
KOMnbiOTepHyio cucTeMy o6pa6oTKM nHcJjopMaunn, nojiyseHHoCi c KOopAHHaTHO- 
HyBCTBMTG/ibHoro AeTeicropa, OT/insaiOLueec^ tbm, sto Me^KAy o6i>eKTOM m 

KOOPAHHaTHO-HyBCTBMTe/lbHblM AGTeKTOpOM yCTaHOBJIGH npOCTpaHCTBGHHblM 

<t>n/ibTp t oTAexiflioiMMM M3JiyHeHMe, pacce^HHoe oSteicroM Ha y/ibrpaManbie yr/iu 
OTHOCMTeJibHO HanpaB/ieHMn naAaiounero nyHKa. 

2. YcTpoPiCTBO no n.1, OTJiMsatomeecn TeM, hto KOJi/iwMaTop BbinoiiHeH b bmag 
pery/inpHOii nepMOAHnecKOM CTpyKrypbi, npeACTaB/iniomeii co6om npo3panHbie 
Ann n3JiyneHHfl ynacTKM b bma© u\eneih m/im KaHa/iOB m sepeAyioiAMecn c hmmm 
Henpo3pasHbie ynacTKn, m nepeKpbiBatomwfi OTA&nbHy»o nojiocy b npoeKunn 
oGi^eKTa, npocTpaHCTBGHHbiw 4>nnbTp npeACTaB/i«eT co6om noAo6Hy»o 
KOJi/inMaTopy peryjinpHyio nepMOAHnecKyio CTpyiaypy, b kotopom ynacTKM, 
cooTBeTCTByjoiune npo3pasHbiM ynacTKaM KO/uiMMaTopa, Bbino/iHeHbi H3 
Henpo3paHHoro Ann M3JiyseHMH MaTepnana, a ynacTKH c^n/ibTpa, 
nepeKpbiBaioiAne Henpo3paHHbie ynacTKn KO/uinMaTopa, BbinojiHeHbi 
npo3paHHbiMM Ann npoHMKaiounero M3nyseHMn, Ha Henpo3panHbix ynacTKax 
<t>M/ibTpa pa3MeiAeHbi AeTeKrupyioLUMe a/ieMeHTbi Ann M3MepeHMn npoweAUJero 
sepe3 oSteicr ns/iyneHun, npn stom pa3Mepbi xaHa/iOB mjim meneii n 
nepnoAnnecKne CTpyioypbi KO/i/iMMaTopa AO/ixHbi o6ecnenMBaTb perMCTpauwo 
Ha no3MUMOHHO-HyBCTBMTe/ibHOM AGTeicrope pacce^HHoro noA y/ibTpaMa^biMn 
yriiaMM n3iiyneHMn. 

3. Yctpomctbo no n.1, OTJiMHarameecn t©m, hto KO/uiMMaTop Bbino/iHeH b bha© 
pery/inpHOM nepnoAnnecKOM CTpyioypbi, npeACTas/iniouueM co6om npo3panHbie 
Ann M3/iyseHnn ysacTKM b bma@ tue/iew m/im KaHanoB w sepeAyioiMMecn c hmmm 
Henpo3pasHbie ywacTKM, n nepeKpbiBaiomePi OTAenbHyio no/iocy b npoeKuwn 
o6beKTa, nepeA A^Te kto po m pacno/ioxeH npocTpaHCTBGHHbiw c^nnbTp, 
npeACTaannKDLUMii co6om noAo6Hy»o KO/i/inMaTOpy pery/inpHyio nepnoAHHecKyio 
CTpyioypy, b kotopom ysacTKM, nepeKpwBaiOLUMS Henpo3pasHbie ysacTKM 
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Ko/uiHMaTopa, Bbino/iHeHbi npo3pasHbiMM Ann npoHMKaiomero n3/iyMeHMq, a 
ysacTKM, nepeKpbiBaK)unne npo3panHbie ynacTKM Ko/i/inMaTopa - n3 MaTepnana, 
nacTUHHO nor/iOLuajounero n3/iyseHMe m cHwxaiomero MHTeHCMBHocTb 
npoiueALuero sepe3 3tm ysacTKM n3/iyHeHnn ao ypoBHH paccenHHoro hoa 
Ma/ibiMM yr/iaMM M3JiyneHMq, npoujeAUJero Ha KOopAHHaTHO-syBCTBMTe/ibHbiii 
AeTeicrop sepe3 npo3pasHbie ysacTKn n pocTpaHCTBeHHoro <J)M/ibTpa. 

1/ 4. YcTpoMCTBO Ann Manoyr/iOBoPi KOMnb»OTepHoPi TOMorpacJwi/i, coAep^amee 
mctohhmk npoHMKaiomero M3iiyneHnq, KO/uinMaTop, c|>opMMpyioiHMM naAaioiMMM 
Ha o6"beKT noTOK M3/iyHeHiin b bma© OAHoro mjim HecKO/ibKwx y3KMX, 
ManopacxoA^U^xcn, no KpaMHetf Mepe, b oahom HanpaB/ieHMM nynKOB, 
AeTeKTMpyramyio CMCTeMy, cucTeiviy OTHOCMTe/ibHoro nepeMemeHUH KOMn/ieKca 

« MCTOHHMK - KOJUlMMaTOp - A©TeKTOp» M oS^eKTa M KOMnblOTepHyiO CMCTeMy 

o6pa6oTKM MHc|)opMauMM ( no/iyseHHOM c koopam HaTHO-sy bctbmtg/i bHoro 
AeTeicropa, orrijaag^LAeecg^ TeM, hto AOTeKTMpyiounan CMCTGMa sB/meTca 

AByXKOOPAHHaTHbIM n03MUMOHHO-HyBCTBMTe/lbHb1M A^TeKTOpOM , yCTaHOBJieHHbIM 

Ha TaKOM paccTO^HMM ot o6"b©Kra m MMeioiMMM Taicyio npocTpaHCTseHHyio 
MyBCTBMTe/ibHOCTb, KOTopan no3BOJiaeT pGrMCTpMpoBaTb yrjioBoe pacnpeAeneHne 
MHTeHCMBHOCTM no CGHBHMio . npoweALuero nepe3 oSteicr nysKa c 
npocTpaHCTBSHHbiM pa3peujeHMeM yxe no/iywMpMHbi pacnpeAe/ieHMH 
MHTeHCMBHOCTM b nynKe b njiocKocTM perMCTpauMM, npM 3tom 4>opMMpyeMbiM 
KO/iiiMMaTopoM Ka^KAbiM nynoK b npoeKUMM oSteKTa no KpaPmeM Mepe b oahom 
HanpaB/ieHMM yxe o6/iacTM, 3aHMMaeM0M kohtpo/i m pyeM bi m BemecTBOM b 
oSbeicre. 

^ 5. YcTpOMCTBO fl/in Ma^oymoBOM KOMnbioTepHOM TOMorpact>MM, coAepxaiuee 
mctohhmk npoHMKaiomero M3iiyHeHMq, KO/i/iMMaTop, (J?opMMpyiOLUiMM naAaioiMMM 

Ha 06-beKT nOTOK M3/iyneHMn B BMA6 OAHOrO M/IM HeCKO/lbKMX y3KMX, 

Ma/iopacxoAflLunxcn, no KpaMHeM Mepe, b oahom HanpaB/ieHMM nyHKOB, 
A©Te ktm py io my K) CMCTeMy, CMCTeMy oTHOCMTe/ibHoro nepeMemeHMH KOMn/ieKca 

« MCTOHHMK - KO/l/lMMaTOp - A^TeKTOp» M o6teKTa M KOMnblOTepHyiO CMCTeMy 

o6pa6oTKM MHC^opMauMM, no/iyneHHOM c koo pah HaTHO - ny bctb MTe/i bHoro 
AeTeicropa, q^ ^^aiomeeqn TeM, hto ko/i/i m m aTO p npeACTaB/ineT co6om 
u;ejieBMAHy»o CTpyiaypy, cf>opMMpyiomy»o Ha6op y3KMx, ManopacxoAniAMXcn 
nyHKOB M3/iyHeHMn b HanpaB/ieHMM MCC/ieAyeMoro oS-beicra, perMCTpauM« 
npouueAwero nepe3 o6teKT M3/iyneHMH ocymecTB/iaeTCH AsyxKOOpA^HaTHbiM 

npOCTpaHCTBeHHO-HyBCTBMTeilbHblM AGTeKTOpOM M CB5l3aHHblM C A©Te KTO p O M 

6/iokom o6pa6oTKM MHcJjopMauMM, npM 3tom nepMOA MHorome/ieBOM CTpyioypbi 
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Bbi6npaeTca H3 yanoBHfl o6ecneHeHnq nepnoAa n pocTpaHCTBeH hom tAOjxynmsyws 
M3JiyHeHnn no KpawHew Mepe b Asa pa3a MeHbuueii pa3Mepa o6/iacTn f 
3aHMMaeMOw Kom-po/iMpyeMbiM BemecTBOM b o6"beKTe, m n pocTpaHCTBGHHoro 
pa3peiueHMH AeTeicropa MeHbuue nepnoAa npocrrpaHCTBeHHoCi MOAyJifltUw 
M3/iyMeHnq b n/iocKOCTM perncTpaunn. 

6. YcTpoiicTBO no OAHOMy M3 n.n.1-5 , OT/iMHaiomeecfl Tewi, hto Ka>KAbifi nysoK 
nepeKpbiBaeT bcio ncc/ieAyeMyio 06/iacTb o6i>eKTa b oahom HanpaB/ieHMn, npn 

3TOM KOMn/ieKC «HCTOHHHK - KOJIJIMMaTOp - A6TeKTOp» BbinO/lHeH C B03MOXHOCTblO 

noBopoTa OTHOCMTe/ibHO ncc/ieAyeMoro o6"beicra b n/iocKOCTM, 
nepneHAHKy/iwpHOM h/iockoctm BeepHoro nynica, Hayro/i 360°. 

7. YcTpoMCTBO no OAHOMy H3 n.n.1-5, OT/uiHaiomeecfl tgm, mto KOMn/ieKC 
«MCTOHHMK-KOJi/iMMaTop - ABTeicrop» Bbino/iHeH c B03M0>KH0CTbK) cnwpanbHoro 
nepeMemeHMfl OTHOCMTe/ibHO HcaneAyeMoro o6"beKTa. 

8. YcTpoiiCTBO no OAHOMy M3 n.n.1-5, OT/iMsaiOLAeecfl TeM, hto KO/i/iMMaTop 

Cj)OpMMpyeT TOHeHHbIM HJIH LUTpMXOBOM B CeseHHH nyHOK, npM 3TOM KOMn^neKC 

«MCTOHHHK-Ko/i/iMMaTop - A6TeKTop» Bbino/iHeH c B03MO>KHocTbio nepeMeuueHMH 
no c/ioxhom TpaeKTopnn, Jiexaunetf Ha noBepxHOCTn cc^epw, pacno^oxeHHofi 
BOKpyr wconeAyeMOM oSjiacTH o6"beicra. 




Our. 1 




Our. 2 




Our. 4 
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Pec|>epaT 



M3o6peTeHne othocmtch k KOMnbiOTepHofi TOMorpac^nn, ocHoeaHHofi Ha 
noiiyneHMM M3o6pa>KeHii« oS-beicra no Ma/ioyr/ioBOMy pacceaHHOMy M3:nyHGHnio. 
PerncTpau,Mfl pacce«HMq ocymGCTB/iHGTCH b y/ibTpaManbie yr/ibi: ot 0 ao 1 rpaAyca - 
OTHOCMTe/ibHo HanpaBJieHMfl naAaiomero nynica. ripeAJioxeH p«A cxeM, 
no3Bo/iflKDLUnx ocymGCTB/iqTb perncTpauMK) KorepeHTHoro paccGHHHH b yKa3aHHbix 
yr/iax. OopMnpyeMbie KO/i/iwMaTopoM BeepHbie nysKi/i, HMeiomwe Many»o 
pacxoAHMOCTb, Hanpas/iqioT Ha o6t>eicr. B oahom m3 BapnaHTOB y CTpo v\ CTBa pjm 
OTAe/ieHUfl M3JiyHeHM5i , paccGHHHorb Ha y/ibTpaManwe ynnbi, npeAJiaraeTcn 
ncno/ib30BaTb pacno/ioxeHHbiw 3a oSteicroM cneunanbHbiii npocTpaHCTBGHHwti 
c^n/ibTp, npeACTas/iflKDmuM co6ow noAo6Hy»o KO/uiHMaTopy CTpytcrypy, b KOTopofi 
npo3paMHbie jxnn w3JiyMeHnyi ysacTKn KOJuiMMaTopa nepeKpbiBaiOTcn 

HGnp03paHHblMM ywaCTKaMM Ct>MilbTpa. ripM 3TOM Ha yCTaHOBJieHHblil 3a <J)M/lbTpOM 

n pocTpaHCTBGHHO-sy BCTBMTe/i bHbi ii AeTeKTop b OTcyTCTBue o6t>eicra M3/iyHeHne He 

npOXOAHT. ripM pa3MemeHMM MeXAy KO/l/IMMaTOpOM M npOCTpaHCTBeHHbIM 

cJju/ibTpoM o6"beKra AGTeicrop perwcTpupyeT pacce^Hne Ha y/ibTpaManbie yr/ibi 
M3/iyHeHMfl. perncTpaunn n3JiyH6HMfl, npoiueALuero nepe3 oSteicr b 

HanpaB/ieHMM nepsnHHoro nynica, Ha Henpo3panHb»x ynacTKax <J>n/ibTpa 
ycTaHaBJiMBaiOTCH AGTeicropHbie 3/ieMeHTbi. 3to no3Bo/iqeT, KpoMe TOMorpaMMbi b 
pacce^HHOM M3/iyHGHMM , nojiynaTb TOMorpac})MHGCKOG M3o6psoKGHne no 
nor/ioiAGHHOMy M3JiyH6HHio. B ApyroM BapnaHTG ycrrpoficTBa ynacTKM c^mibTpa, 
nepeKpbisaJOUJMe npo3panHbiG ysacTKM KO/uiMMaTopa, Bbino/iHGHbi sacTUHHO 
nor/ioiAaraiAMMM M3/iyHGHnG, npouiGAwee HGpe3 o6*>gkt BAOJib HanpaB/iGHwq 
naAaioiMHX nysKOB, m yMeHbwaiOLMHMH ero ao ypoBHR mhtghchbhocth pacceaHHoro 
M3/iyHGHMn. OAHa M3 npGAnoxeHHbix cxgm ycTpoiiCTBa no3BO/ifleT onpeAe/inTb 
4)yHKunK) pacce^Hnq o6-beKTa b npejxens% nGpewMHoro nysKa. no AaHHbiM 
pacce«Hnw, nonyHGHHbiM a^* pa3Hwx paicypcoB o6teKTa OTHocnTe/ibHO CHCTeMbi 

"HCTOSHMK - KOJUlHMaTOp - AeTGKTOp", BOCCTaHaBJIMBaiOT TOMOrpa<t>HH6CKOe 

M3o6peoKGHMG oeteicra. 3 c.n. (JWlbl, 9 V\J\S\. 
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ULTRA-SMALL ANGLE X-RAY TOMOGRAPHY 

The invention relates to devices for computerized tomography based on the absorption 
and ultra-small angle scattering of x-ray radiation. 

The method of computerized tomography (CT) was developed in 1973 by the British 
firm "EMJ" (Hounsfield G.N., Computerized transverse axial scanning (tomography). Part 1. 
Description of system. -"Brit. J. Radiol.," 1973, v. 46, pp. 1016-1022; Ambrose J., 
Computerized transverse axial scanning (tomography). Part 2. Clinical application. - "Brit. J. 
Radiol.," 1973, v. 46, pp. 1023-1047). It combines the physical principles of traditional x-ray 
transillumination with recent achievements in mathematics and digital technique. The 
essence of the method of computerized tomography consists in the reconstruction of the 
internal spatial structure of an object as a result of joint mathematical processing of shade 
projections obtained during x-ray transillumination of the object in different directions. The 
contrast of each shade projection is the result of unequal x-ray absorption by different parts of 
the object. The principle of action of the tomograph, based on the method of computerized 
tomography, consists in the following. A rectangular x-ray beam formed by a collimator 
passes through a fixed object to 2 detectors (sodium iodide crystals). The detector registers 
the amount of radiation which has passed through the object, and the x-ray tube - detectors 
system is displaced by one step parallel to itself. One hundred sixty such displacements are 
made. Then the system returns to the initial position, turns at a 1° angle, and the scanning of 
160 segments is repeated. In all the system executes 180 such turns. The time of the whole 
turn of the system, i.e. the time for receiving full information, is about 5 minutes. Wherein, 
288000 (160x180) readings are taken from each detector. The obtained information is 
processed with a computer. The reconstructed computerized image of a layer is transferred 
to a calculating-printing device, which provides a digital record of absorption coefficients for 
the whole field of the obtained body section. 

Further modernization of CT was achieved by increasing the number of detectors. 
Computerized tomographs of the III and IV generations contain from 512 to 4800 detectors. 
With 512 - 1400 detectors and a high-capacity computer, the time of scanning one section (2- 
8 mm) decreased to 2-5 sec, which in practice made it possible to examine all the organs and 
tissues of the organism. 

The scanning system of a modem computerized tomograph includes an x-ray tube and 
a detector system. In III generation apparatuses, the x-ray tube and the detectors are situated 
on the same frame. The detector system consists of 256 - 512 semiconductor elements or 




xenon detectors. During the scanning of a patent, the "x-ray tube - detectors" complex 
rotates around the patient, turning 360° during one cycle. During the rotation of the complex, 
the x-ray tube delivers impulse radiation in the form of a fan-shaped beam passing through the 
object after 1°, 0.5° and 0.25°. Wherein, the detector system registers the radiation weakened 
by the object. In cases of necessity the scanning system can be inclined forward and 
backward by 20° - 25°. 

In IV generation computerized tomographs, the detector system consists of from 1400 
to 4800 detectors situated circumferentially on a frame. During the scanning process, only 
the x-ray tube rotates around the patient. The tomograph table consists of a base and a 
movable part on which a transporting bed for the patient is fixed. Horizontal displacement of 
the patient during the scanning process is performed automatically. 

The x-ray system of the tomograph consists of a tube and a generator. The tube 
works in the pulse mode at a voltage of 100-130 kV. Absorption of the soft component of 
the x-ray radiation is realized by filtration, there is a diaphragm at the tube output, which 
limits the flow of penetrating radiation falling on the object. 

As has been noted, the principle of different absoiption of x-ray radiation by different 
materials lies at the base of all the devices described above. Therefore, during the 
examination of a body consisting of substances different in respect to composition and/or 
structure, but having close or equal coefficients of x-ray absorption, a device operating on the 
principle described above cannot distinguish such substances, i.e. the restored image will not 
contain information on them. Therefore, in such cases it is necessary to use another approach 
to imaging, based on principles which differ from absorption roentgenography, on another 
type of interaction between x-ray radiation and the substance. 

A computerized tomograph is described in patent EP 0784202, 1997, which is based 
on the roentgen phase-contrast method, which uses the effect of the refraction of x-rays at the 
border of the object's areas having different electron density. This leads to deflection of the 
x-rays by angles up to several seconds. In the proposed device the radiation flow falling on 
the object is formed with the help of a monocrystal as a parallel beam with small angular 
scattering. During the passage of such a beam through an object containing substances with 
different electron density, at the border of their separation, the radiation flow is deflected as a 
result of refraction by the angle indicated above. This deflection is fixed during the turn of a 
crystal-analyzer with the help of a detector mounted beyond the object. 

Among the disadvantages of the phase-contrast method is that it does not characterize 
the substance itself, but rather the interface of two substances having different coefficients of 
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x-ray refraction. The formation of the flow of penetrating radiation is realized in accordance 
with a bicrystal scheme, and this imposes some limitations on the effectiveness of the use of 
the radiation source energy. This is due to the fact that a monocrystal reflects the radiation 
falling on it in accordance with Bregg's law. The radiation of each wavelength is reflected at 
a predetermined angle within the interval of divergence equal to the Bregg angular interval of 
reflection, which is about 10 angular seconds. This means that less than 10° of the energy 
from all the radiation produced by the source is used for transillumination of the object. This 
leads to an increase of the exposition time. The use of a bicrystal scheme introduces 
limitations on the size of the object's area being examined, which is determined by the size of 
the crystals, or a complex scanning system is needed to image the whole object. 

The noted disadvantages can be avoided if the method of registration of radiation 
coherently scattered by the object is used for restoration of a tomographic image. A device is 
described in patent US 4752722, G 01 N 23/22, 1988, which is based on the principle of 
registration of the angular distribution of coherently scattered radiation lying within the angles 
of from 1° to 12° in respect to the direction of the falling beam. As it is pointed out in this 
patent, the larger part of the elastic scattered radiation is concentrated within angles less than 
12° and the scattered radiation has a characteristic angular dependence with well marked 
maxima, whose positions are determined by the irradiated substance itself, as well as by the 
energy of the falling radiation. Since the distribution of the intensity of the coherently 
scattered radiation in small angles depends on the molecular structure of the substance, 
different substances having identical absorbing capability (which substances cannot be 
differentiated with conventional transillumination) can be distinguished by the distribution of 
the intensity of the angular scattering of coherent radiation, which is characteristic for each 
substance. It is proposed that a narrow collimated beam of mono- or polychromatic radiation 
be used for irradiation of the object. Measurement of the intensity of coherently scattered 
radiation is carried out with the aid of a detector system with resolution in respect to both 
energy and in respect to the coordinate (the angle of scattering). The detector registers the 
intensity of coherently scattered rays, coming over the border of the primary beam within the 
zone of scattering. In order to obtain an image of the object, it is proposed that the known 
principles of computerized tomography be used. Wherein, registration of the absorbed 
radiation is carried out simultaneously with registration of the scattered radiation, which 
makes it possible to take the optical thickness of each area of the object being examined in the 
path of the transilluminating beam into account, that is to obtain a normalized curve of 
coherently scattered radiation. 



The described device has a relatively low sensitivity to the radiation scattered in close 
proximity to the primary beam, since the intensity of the primary beam radiation exceeds 
significantly the intensity of the scattered radiation and inhibits its registration. Furthermore, 
the intensity of the radiation falls shaiply with an increase of the angle of scattering. 
Therefore the intensity of coherently scattered radiation in the angular range of 1 - 12 degrees 
is small, and, consequently, relatively high doses of irradiation and long exposition are 
necessary for examination of the object. 

The object of the invention being described is to create devices which, firstly, would 
be more sensitive to the registration of coherently scattered radiation at ultra-small angles 
(from tens of seconds to one degree), and, secondly, would require smaller doses of radiation 
for the examination of an object. 

As is known, the main part of coherently scattered radiation is concentrated in the area 
of the central diffraction peak, which lies in the angles of scattering of from 0 to 1 degree in 
respect to the direction of the primary beam's fall. In this angular range is concentrated a 
characteristic radiation, coherently scattered by the heterogeneities of the electronic structure 
of the object, which have a size ranging from several hundreds to several tens of thousands 
angstroms, which conforms with the structure of many organic and biological objects. 
Therefore, it is proposed that the distribution of the coherently scattered radiation be 
measured precisely in this angular range. The angular range in which the coherently 
scattered radiation is measured depends on the wavelength of the used radiation and on the 
structural properties of the material and may be within the limits of from several angular 
seconds to 1 degree relative to the falling radiation beam. In the invention it is proposed that 
a dark field scheme be used for the measurement of coherently scattered radiation at ultra- 
small angles (from 0 to 1 degree), that is when the detector registers only a background signal 
in the absence of the object being examined, and in the presence of that object - the scattered 
radiation. Such a scheme is more sensitive to scattered radiation as compared with the light 
field system described in patent US 4752722, G 01 N 23/22, 1988. Since small-angle 
scattering of x-rays reflects the internal structure of the substance (the distribution of electron 
density), the registration of the curve of small-angle scattering of x-rays by the object being 
examined, that is, the dependence of the intensity of the scattered rays on the angle of 
scattering, makes it possible to restore the picture of electron density distribution within the 
object being transilluminated. I f the object is not homogeneous (that is. consists of different 
substances), the intensity of the scattered radiation at each separate angle is composed of the 
intensities of the rays, scattered by different substances in the path of propagation of the beam 



of penetrating radiation. During the transillumination of the object being examined from 
different directions, the picture of radiation scattering is registered for each of those 
directions, and using the methods of computerized tomography the curve of small-angle 
scattering (distribution of electron density) is restored for each separate area of the object and, 
as a final result, the picture of electron density distribution within the whole object, i.e. the 
three-dimensional image of the internal structure of the object. 

The principle of obtaining the image of the object's internal structure, described above, 
can be realized in different variants of the devices. The main principle for the creation of 
such devices consists in simultaneous registration of the radiation absorbed and scattered by 
the object at ultra-small angles of radiation (from several angular seconds to 1 degree). 

The device in which the object of the invention is achieved is a small-angle x-ray 
tomograph, which includes a source of x-ray radiation, a collimator forming a flow of 
penetrating radiation in the form of a narrow fan-shaped beam (or several beams) with small- 
angle divergence, a spatial filter situated beyond the object, and a detector registering the 
radiation which has passed through the object being examined. The source of radiation, the 
collimator, the spatial filter and the detector can move around the object being examined in 
order to transilluminate it from different directions. The device also includes a system for 
processing information, which system makes it possible to reconstruct the image of the 
internal structure of the object being examined on the basis of the data on scattering and 
absorption of the penetrating radiation by the object when transilluminated from different 
directions. 

The collimator - spatial filter - detector system should be organized in such a manner 
that it is possible to simultaneously register the scattered radiation and the radiation which has 
passed through the object without being scattered, for each transilluminated area of the object. 

The collimator should form the beams of penetrating radiation with a width and 
angular divergence in one direction in such a way that it is possible to register the scattered 
radiation within an ultra-small angle range, i.e. so that any primary beam's ray scattered by the 
object by a small angle a would go over the borders of the primary beam within the 
registration zone (a may be several angular seconds), while in another direction the beam 
formed by the collimator should cover all the object area being examined. 

From the constructive point of view, the collimator may be made in the form of a set 
of slit diaphragms situated one after another, in the form of two radiation-opaque plates with a 
clearance between them, according to the Kratky scheme, etc. (AT. Bekrenev. Yu.S. 
Terminasov, Apparatus and Methods for X-ray Analysis, 1980, No. 24, pp. 100-108; 



Schelten, W. Hendriks, Appl. Cryst. s 1978, 1 1, pp. 297-324). It is possible to use a slitless 
collimator for the formation of beams of micron and submicron thickness with angular 
divergence of several angular minutes. The principle of operation of such a collimator is 
based on the effect of the passage of x-rays along the interface of two flat polished surfaces of 
plates with multiple complete external reflection (V.N. Leykin, T.A. Mingazin, Devices and 
Technique of Experiment, 1984, No. 2, pp. 200-203). Other constructions of collimators, 
which satisfy the conditions indicated above, may be used. The shape and the size of the 
penetrating radiation beam formed by the collimator are determined by the character of the 
object being examined. 

The registering device is a position-sensitive sensor of x-ray radiation, which makes it 
possible to measure the intensity of scattered radiation. This may be any space-sensitive 
two-coordinate detector possessing the needed spatial resolution and sensitivity to the falling 
radiation. It is preferable that this be a detector with high spatial resolution. The sensitivity 
of the detector determines the required power of the radiation source and the rate of scanning 
the object. 

There is a spatial filter between the object being examined and the detector. It is 
situated in such a way that it overlaps the primary radiation beam and provides passage of 
coherently scattered radiation onto the detector at ultra-small angles near the borders of the 
primary radiation beam. The sections of the spatial filter which cover the transparent 
sections of the collimator are made from a material which is opaque for the falling radiation 
and has its own low background of scattering. The edges of the spatial filter have a shape 
providing a low level of scattering of the radiation falling on them. In order to determine the 
value of the intensity of radiation in the primary beam which has passed through the object, a 
row of detectors is installed on the opaque sections of the spatial filter. These detectors 
measure the intensity of the falling radiation and do not block the passage of the radiation 
scattered by the object through the transparent sections of the spatial filter. 

The spatial filter may be situated just beyond the object being examined. This makes 
it possible to reduce the total level of noise during the registration of the scattered radiation by 
screening the primary beam radiation which is scattered in air and in elements of the device. 
However, this requires high precision in positioning the spatial filter relative to the primary 
beam. The spatial filter may be situated directly in front of the detector registering the 
scattered radiation or occupy any intermediate position between the object being examined 
and the detector. 



All the data obtained during the transillumination of the object being examined from 
different directions are fed to the system for processing information. When processing the 
data on coherently scattered radiation, the optical thickness of the object in the way of the 
transilluminating beam is taken into account. Known principles of computerized tomography 
are used to restore the image of the object on the basis of the absorbed and the scattered 
radiation. 

Another variant of the scheme of the device described above makes it possible to more 
effectively use the radiation of the source. This variant contains a source of penetrating 
radiation, a collimator forming a flow of radiation falling on the object in the form of several 
narrow, slightly-diverging beams, a spatial filter positioned beyond the object and a position- 
sensitive detector. The collimator is made in the form of a regular periodical structure made 
up of sections in the form of slits or channels which are transparent for the radiation and 
alternating therewith opaque sections. 

The formed rays overlap a separate strip in the object's projection. The spatial filter is 
a regular periodical structure similar to the collimator, in which the sections corresponding to 
the transparent sections of the collimator are made of a material opaque in respect to 
penetrating radiation, so that the opaque sections of the filter overlap the transparent sections 
of the collimator. Wherein the size of the channels (or slits) and the period of the structure of 
the collimator, as well as the size of the transparent sections of the spatial filter, should 
provide for registration of the radiation scattered at ultra-small angles on the position- 
sensitive detector. The detectors positioned on the opaque sections of the spatial filter make 
it possible to determine the intensity of radiation of the primary beams which have passed 
through the object. The shape and the position of the channels may be different: for example, 
slits, round openings, situated in a hexagonal package, etc., which is determined by the 
character of the objects being examined in this installation. The general requirements, which 
are stipulated for this type of collimator, are the following: firstly, the lines of the surfaces 
forming the transparent channels should converge on the focus spot of the source in order to 
increase the effectiveness of the use of the ray energy of the installation, wherein the radiation 
in different channels of the collimator may come from different areas of the focus spot of the 
source (the possibility of using powerful wide-focus sources of radiation); secondly, the 
collimator should form beams with such a width and divergence y that it would be possible to 
register the radiation scattered in a small-angle range, that is. that any ray scattered by the 
object at a small angle a would go beyond the borders of the primary beam in the registration 
zone; thirdly, the period of the collimator structure should be such that adjacent beams would 
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not overlap in the plane of the detector, which makes it possible to register the scattering at 
small angles, even to the angle P (a and p are the angles determining the registered small- 
angle range; a may be 5 angular seconds and more, p - up to 1 degree). 

In order to satisfy these requirements, the input and output of the collimator should be 
spaced apart at a distance significantly greater than the size of the collimator aperture. 
Structurally, a slit collimator may be executed in the form of alternating radiation-opaque 
plates and clearances between them or in the form of two diaphragms - with one or several 
slits at the input and multi-slitted at the output - positioned in due order, etc. Similarly, a 
collimator with radiation-transparent channels with a round aperture may be executed 
structurally in the form of a capillary plait or two diaphragms: an input diaphragm with one or 
several openings and an output diaphragm with multiple openings. 

The spatial filter is a responsive regular periodical structure for the collimator, that is, 
it is constructed in such a manner that it detains the direct beams formed by the collimator and 
easily lets through the radiation scattered in the plane of the object at small angles in the 
angular range of from a to p. The constructive execution of the spatial filter should 
correspond to the used collimator: the spatial filter for a linear collimator should be made in 
the form of a linear raster, for a collimator with densely packed cylindrical channels - in the 
form of a raster with round openings and a hexagonal cell. 

Another version of the device provides for the use of a spatial filter, which is semi- 
transparent for the falling radiation. In this case the spatial filter is made of a material having 
a low level of radiation scattering and weakening the intensity of radiation, which has passed 
through the object, by a known number of times to the level of the intensity of the scattered 
radiation. It is preferable that the intensity of radiation at the border of the primary beam, 
weakened by the spatial filter, be of an order less than the intensity of the radiation scattered 
by the object on ultra-small angles near the border of the primary beam. In this case, a 
position-sensitive detector, situated behind the spatial filter, registers simultaneously the 
intensity of the radiation in the primary beam and the intensity of the radiation scattered by 
the object at ultra-small angles. 

Another variant of the device for computerized tomography provides the possibility of 
determining the scattering properties of the object being examined, starting with scattering 
angles of several seconds. This makes it possible to sense structural elements with a large 
period and to decrease significantly the object's irradiation dose. The essence of the physical 
method used in the described device for registering the radiation scattered at small angles, 
consists in the following: a beam of penetrating radiation, point-shaped or hachure-shaped in 



section, is registered by a high-resolution position-sensitive detector. The distribution of the 
radiation intensity in the plane of the detector will be determined by the optical transmitting 
function of the device. When the object is put into the device, the total optical transmitting 
function of the device, and, consequently, the distribution of the radiation intensity in the 
plane of the detector, change. The change of the form of the distribution of radiation 
intensity will be determined by the scattering function of the object. 

One of the variants of a device working on this principle can be represented by a 
system consisting of a source of x-ray radiation, one or several collimators, and a high- 
resolution bi-coordinate detector. Each of the collimators forms a flat fan-shaped beam of 
radiation. The angular distribution of the intensity in this beam in one direction has a form 
close to a S-function, in another direction it overlaps the whole object area under examination. 
The high-resolution detector measures the distribution of the radiation intensity in the x-ray 
beam in the presence and in the absence of the object. In order to ensure precise 
measurements it is necessary that the dimensions of separate sensitive elements of the detector 
be less than half the width of the x-ray beam intensity distribution in the registration plane, 
preferably less by an order. The detector should register the angular distribution of the 
intensity in the primary beam up to an angle of several tens of minutes. Such a way of 
measuring makes it possible to register x-rays scattered at ultra-small angles, not only those 
going outside the borders of the beam, but also those which lead to the redistribution of the 
intensity of intra-beam radiation. In order to have the possibility of comparing insignificant 
changes of large signals during data processing, the obtained distributions of radiation 
intensity in the beam in the presence and in the absence of the object are normalized for the 
total intensity of the radiation falling on the object and passing through it, respectively. 
Thus, the obtained data are reduced to common conditions, and the change in the form of the 
curve of distribution of the radiation intensity in the beam (the difference of the normalized 
spatial distribution of the intensity) will reflect the scattering function of the medium through 
which the radiation passes, wherein the coefficient of medium absorption will be determined 
simultaneously. 

The optimal conditions of registration during the examination of different objects can 
be achieved by selecting the stiffness, that is the wavelength, of the used penetrating radiation. 
The softer the radiation (the longer the wavelength), the greater the change in the normalized 
curve of the intensity distribution in the transilluminating beam beyond the object. However, 
therewith the part of the radiation absorbed by the object increases, and the signal on the 
detector decreases. The selection of the optimal parameters of the penetrating radiation 
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depends on the character of the object being examined and is effectuated individually in each 
case. Where a polychromatic source of radiation is used, this may be carried out either by 
selecting a filter sectioning the needed spectral range of the radiation, or by using a detector 
selectively sensitive to a particular range of the energy of the registered quanta. In the latter 
case each spectral range of the penetrating radiation has its own intensity distribution in the 
beam beyond the object registered on the detector. A common requirement for the detectors 
used in such a scheme of simultaneous registration of the radiation, scattered and passed 
through the object, is their capability of measuring the radiation intensity in a wide dynamic 
range of values. For example, the intensity of the scattered radiation is less than the intensity 
in the passed beam by 10 3 -10^ times. The detector should measure this whole range of values 
of radiation intensity. 

Another variant of the scheme makes it possible to determine the scattering and the 
absorbing properties of the examined object using a wide beam of penetrating radiation. This 
variant of the scheme makes it possible to effectively use the radiation from the source. It is 
distinguished in that the collimator is a multi-slit periodical structure which forms the flow of 
x-ray radiation in the form of a wide beam, modulated with high spatial frequency. The 
detector, possessing high spatial resolution in the registration plane, measures periodically 
modulated distribution of the radiation intensity in the presence and in the absence of the 
object. The presence of the object in the device leads to a change of the function of 
modulating the intensity distribution in the detector plane. This makes it possible to 
determine the following parameters of the substance being examined: a decrease in the 
average value of the intensity along the direction of the beam's modulation determines the 
magnitude of the radiation absorption by different parts of the object, while a change in the 
depth of modulation of the intensity distribution comprises indirectly the function of 
scattering by the object. In order to detect heterogeneity in the object, caused by the 
substance being examined, it is necessary that the period of spatial modulation of the radiation 
in the object be less than the size of the heterogeneity itself. 

The sensitivity of the described installation to the registration of the intensity of 
scattered radiation is determined by the spatial frequency and the depth of modulation of the 
falling radiation and by the resolution of the detector used. The higher the spatial frequency 
of the radiation modulation and the greater the depth of the modulation, the greater will be the 
changes of the function of radiation intensity distribution with the introduction of the object. 
However, maximum values of permissible spatial frequency of the radiation modulation are 
limited by the parameters of the modulator used and the resolution of the registering elements. 




The spatial sensitivity of the detector should be less than the period of the spatial modulation 
of the radiation, preferably by an order. It is also necessary that the detector be sensitive to 
the registration of radiation in a wide dynamic range of intensity values. 

A beam of penetrating radiation of different form, depending on the character of the 
object being examined, may be used in all the devices described above. For example, in 
order to examine objects having an anisotropy of scattering properties (anisotropic structure) 
it is necessary that the device be able to register the scattering of the object in at least two 
mutually perpendicular directions. For this purpose it is possible to use: a point-shaped beam 
of transilluminating radiation, two mutually perpendicular flat fan-shaped beams having an 
identical direction of propagation, etc. 

The essence of the invention is explained by the following drawings, wherein: 

Fig. 1 shows one of the variants of a tomographic installation in which a beam of 
penetrating radiation in the direction perpendicular to the plane of rotation of the optical 
system completely overlaps the object area which is being examined; 

Fig. 2 shows a device in which the displacement of the "source - collimator — spatial 
filter - detector" system relative to the object is performed along a spiral trajectory; 

Fig. 3 shows the scheme of a tomograph in which several identical "source - 
collimator — spatial filter - detector" systems are used; 

Fig. 4 shows a tomographic installation in which the "source — collimator - spatial 
filter - detector" system is displaced along a trajectory lying on the surface of a sphere 
situated around the object area being examined; 

Fig. 5 shows one of the dark-field schemes for simultaneous registration of small- 
angle scattered radiation and primary beam radiation according to the present invention; 

Fig. 6 shows the same scheme for simultaneous registration of small-angle scattered 
radiation and primary beam radiation with a semi-transparent trap put in the path of the 
primary beam, this trap reducing the level of intensity in this beam to the level of intensity of 
the scattered radiation; 

Fig. 7 shows a scheme with a multi-slit collimator and a spatial semi-transparent filter 
in front of the detector; 

Fig. 8 shows another scheme for simultaneous registration of small-angle scattered 
radiation and primary beam radiation, in which the detector measures the distribution of 
radiation intensity in the primary beam beyond the object; 

Fig. 9 shows one more scheme of registration with spatial modulation of the radiation 
falling on the object. 




One of the variants of the device used to obtain an image of the electron density 
distribution in the object being examined is a small-angle tomograph shown in Fig. 1. It 
comprises a source 1 of radiation, a collimator 2, a spatially-sensitive detector 3 and a spatial 
filter 5 situated between the object being examined 4 and the detector 3. A fan-shaped beam 
6 of penetrating radiation, formed by the collimator 2, has a width and an angular divergence 
in one direction (the plane of rotation), which provide for registration of small-angle 
scattering, starting from the angle a (a may be several angular seconds). In the 
perpendicular direction the beam overlaps the whole object area under examination. 
Scattered radiation 7 is registered by the detector 3 in the direction perpendicular to the plane 
of the beam. Radiation 8 of the primary beam beyond the object is registered by a ruler of 
detectors 9, which are positioned on the spatial filter 5. The resolution of structural 
heterogeneities in the object being examined in the direction perpendicular to the plane of the 
fan-shaped beam is determined by the width of the beam itself, while in the direction along 
the plane of the beam, it is determined by the size of the sensitive elements of the detector. 
The system of displacement (not shown in the drawing) provides for rotation of the source, 
the collimator, the spatial filter and the detector around the object 4 being examined by an 
angle of 360°. During one cycle of measurements the system makes one or several turns, 
wherein, at each angle of transillumination of the object, the radiation 8 which has passed 
through and the radiation 7 scattered by the object are registered. A computer system 
processes the obtained data and normalizes the scattering (the distribution of the electron 
density) and the absorbing properties for each area of the object being examined. As a result 
the reconstruction of the internal structure of the object is effected. 

Another variant of the device, shown in Fig. 2, provides for the creation of a three- 
dimensional image of the internal structure of the object 4 being examined, which has 
substantial dimensions in one direction. Wherein the optical system — source 1, collimator 2, 
spatial filter 5 5 detector 3 - effects spiral displacement relative to the object 4 being examined. 
For.example, this may be a system of source 1, collimator 2, spatial filter 5, detector 3, similar 
to the system described above, wherein the spatial filter 5 is made of a material which is semi- 
transparent for penetrating radiation and reduces the intensity of the radiation in the primary 
beam beyond the object to the level of intensity of the radiation scattered at small angles. 
The collimator 2 is positioned so that the plane of the fan-shaped beam formed by it lies in the 
plane of rotation of the system. The transversal dimensions of the transilluminating beam 
should be greater than the transversal dimensions of any area of the object being examined. 
The optical system is positioned on a rigid frame 10, which can make a 360° turn around the 
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object being examined. During rotation of the frame 10, a transporting bed 1 1, on which the 
object 4 being examined is arranged, is displaced along the axis of rotation. The beam of 
penetrating radiation sequentially transilluminates each area of the object from all directions 
(360°). The speed of displacement of the object is determined by the rate of rotation of the 
optical system and the sensitivity of the detector 3. The separation and processing of the 
signal corresponding to the small-angle radiation scattering and the radiation which has 
passed through the object are carried out in a manner similar to that described above in 
respect to the device. 

The device shown in Fig. 3 provides for the presence of several identical "source 1 , 
collimator 2, spatial filter 5, detector 3" systems positioned at different angles relative to the 
object 4. For example, this may be a device including three or more identical systems, 
similar to those described above, positioned uniformly at different angles in one plane. The 
fan-shaped beams 6 formed by each of the systems lie in one plane, corresponding to the 
plane in which the systems themselves are positioned, and overlap the whole object area being 
examined. Reconstruction of the internal structure of the transilluminated area of the object 
is carried out with comparison of the data obtained from each system. In order to obtain a 
three-dimensional image of the internal structure of the object, the object being examined and 
the device are displaced relative to one another. For example, this may be displacement of 
the device as a whole (the plane of the systems) in the direction of the longitudinal axis of the 
object 4. Isolation of the data corresponding to the radiation scattered and absorbed in the 
object being examined and reconstruction of the three-dimensional image of the object are 
effected in a manner similar to that in the devices described above. The use of several 
systems makes it possible to increase the speed at which data on the object being examined 
are obtained. 

Fig. 4 shows a device for computerized tomography, based on the principle of 
reconstruction of the internal structure of the object on the basis of data on radiation scattered 
and absorbed by the object. This device consists of a source 1 of radiation, a collimator 2, a 
high-resolution position-sensitive detector 3. The collimator forms a point-shaped or a 
hachure-shaped beam transilluminating the object area being examined. Wherein, the 
optical system "source 1 of radiation, collimator 2 and detector 3" is displaced over a complex 
trajectory lying on the surface of a sphere positioned around the object 4 area being examined. 
The beam formed by the collimator should satisfy the conditions necessary for the registration 
of the radiation scattered at small angles and. simultaneously, the registration of the radiation 
which has passed through the object. The isolation of data corresponding to the radiation 
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scattered and absorbed in the object being examined is realized according to one of the 
schemes described above. For example, according to the determination of changes of the 
distribution of radiation intensity in the primary beam beyond the object. Wherein, the 
sensitive elements of the detector 3 should be less than the semi-width of distribution of the x- 
ray beam intensity in the registration plane, preferably less by an order. The number of 
projections of the object area being examined, obtained during the displacement of the optical 
system along the trajectory, should be sufficient to form a three-dimensional image of 
electron density distribution in this area. After processing, the computerized system forms a 
three-dimensional image of the object area being examined. Such a device may be used, for 
example, for brain tomography. 

Different variants of optical schemes for the simultaneous registration of radiation 
scattered at small angles and primary bean radiation beyond the object are shown in Figs. 5-9. 

One of the variants of such a scheme (Fig. 5) may be a system composed of a source 1 
of x-ray radiation, a collimator 2 made, for example, according to the Kratky scheme and 
forming radiation as a flat fan-shaped beam with such a width and angular divergence in at 
least one direction that it is possible to register scattered radiation in an ultra-small angular 
range, while in another direction the beam formed by the collimator should overlap the whole 
object 4 area being examined, a spatial filter 5 and a bi-coordinate position-sensitive detector 
3. Detectors 9, measuring radiation intensity in the primary beam beyond the object, are 
situated on the spatial filter 5. Wherein, the detectors 9 should have such dimensions and be 
positioned in such a manner so as not to have an effect on the registration of the radiation 7, 
scattered by the object 4, with the bi-coordinate detector 3. 

Fig. 6 shows another variant of a scheme for the simultaneous registration of radiation 
scattered 7 and passed 8 through the object 4. This scheme provides for the introduction of a 
spatial filter 5, partially passing the radiation, into the channel for the beam which has passed 
8 through the object. It is preferable that the intensity of the radiation at the borders of the 
primary beam beyond the spatial filter 5 be of an order less than the intensity of the scattered 
radiation 7 near the borders of the primary beam. Wherein, the function of scattering the 
radiation by the object is determined directly by the data obtained from the detector 3, while 
the intensity of the radiation which has passed through the object is calculated on the basis of 
a known coefficient of radiation absorption by the filter. 

One more variant of a scheme (Fig. 7) for simultaneously registering radiation 
scattered 7 and passed 8 through the object 4 may contain a source 1 of penetrating radiation, • 
a collimator 2 forming a flow of radiation falling on the object in the form of several narrow 
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slightly-diverging beams, a spatial filter 5 positioned beyond the object, and a position- 
sensitive detector 3. The collimator 2 is made in the form of a regular periodical structure, 
which is made up of radiation-transparent sections in the form of slits or channels and 
alternating therewith opaque sections. 

The formed rays overlap a separate strip in the projection of the object 4. The spatial 
filter 5 is a regular periodical structure, similar to the collimator 2, in which the sections 
corresponding to the transparent sections of the collimator are made of a material semi- 
transparent for the penetrating radiation so that the semi-transparent sections of the filter 10 
overlap the transparent sections of the collimator 2. Wherein, the dimensions of the channels 
(or slits) and the period of the structure of the collimator 2, and also the dimensions of the 
transparent sections of the spatial filter 5 should provide for registration of small-angle 
scattered 7 radiation and. separately, weakened radiation which has passed 8 through the 
object 4, on the position-sensitive detector 3. The form and the position of the channels are 
determined by the character of the objects being examined in this installation. The following 
are common requirements stipulated for this type of collimator: firstly, the lines of the 
surfaces forming transparent channels should converge on the focus spot of the source in 
order to increase the energy output of the installation, wherein radiation into different 
channels of the collimator 2 may come from different areas of the focus spot of the source 1 
(use of powerful wide-focus radiation sources); secondly, the collimator should form beams 
with a width and a divergence y such that it would be possible to register the radiation 
scattered in a small-angle range, i.e. that any beam scattered by the object at a small angle a 
would go outside the borders of the primary beam in the registration zone; thirdly, the period 
of the collimator structure should be such that adjacent beams would not overlap in the plane 
of the detector, this making it possible to register scattering at small angles up to the angle p 
(a and (3 are angles determining the small-angle range being registered: a may be 5 angular 
seconds and more, (3 - to 1 degree). 

Constructively, a slit collimator may be made, for example, in the form of alternating 
radiation-opaque plates and clearances between them. 

A spatial filter of small-angle radiation is a responsive regular periodical structure for 
the collimator, i.e. it is built in such a way that it weakens the direct rays formed by the 
collimator and passes without any hindrance the radiation scattered in the plane of the object 
at small angles in the angular range of from a to p. The structural execution of the spatial 
filter should correspond to the collimator used: the spatial filter for a linear collimator should 




be made in the form of a linear raster. The value of the weakening of the direct beam 
radiation is determined by the coefficient of absorption of the spatial filter. 

Fig. 8 shows another scheme for the simultaneous registration of small-angle scattered 
radiation and primary beam radiation. In this scheme a high-resolution detector 3 measures 
the distribution of the intensity of radiation in the x-ray beam in the presence 7 and in the 
absence 8 of the object 4. In this case the collimator 2 forms the radiation of the source 1 as 
a flat fan-shaped beam, which in one direction has an angular distribution of intensity in form 
close to a 8-function and in the other direction - overlapping the whole object area being 
examined. In order to ensure precise measurements it is necessaiy that the dimensions of 
separate sensitive elements of the detector be less than the semi-width of the distribution of 
the intensity of the x-ray beam 8 in the plane of registration, preferably less by one order. 
Such a method of measuring makes it possible to register x-rays scattered 7 at small angles, 
not only those outside the borders of the beam but also those which lead to redistribution of 
radiation intensity inside the beam. In order to have the possibility of comparing 
insignificant changes of large signals during data processing, the obtained distributions of 
radiation intensity in the beam in the presence and in the absence of the object are normalized 
for the total intensity of the radiation which has fallen on the object and passed through it, 
respectively. Thus, the obtained data are brought to common conditions, and a change in the 
form of the curve of the distribution of radiation intensity in the beam (the difference of 
normalized spatial distribution of intensity) will reflect the scattering function of the medium 
through which the radiation passes. A common requirement in respect to the detectors with 
this scheme of simultaneous registration of radiation, scattered 7 and passed 8 through the 
object, is their capability of measuring the intensity of radiation in a wide dynamic range of 
values. 

Another variant of the scheme (Fig. 9) makes it possible to determine the scattering 
and absorbing properties of the object being examined, using a wide beam of penetrating 
radiation. This variant of the scheme makes it possible to more effectively use the radiation 
from the source 1 . It is distinctive in that the collimator 2 is a multi-slit periodical structure 
forming a flow of x-ray radiation in the form of a wide beam, modulated with high spatial 
frequency. The detector 3, having high spatial resolution in the registration plane, measures 
the periodically modulated distribution of radiation intensity in the presence and in the 
absence of the object 4. The presence of the object 4 in the device leads to a change in the 
function of modulating the intensity distribution in the plane of the detector 3. This makes it 
possible to determine the following parameters of the substance being examined: the degree 



of absorption of x-ray radiation by different parts of the object by the decrease of the average 
value of intensity along the direction of beam modulation, the scattering function of the object 
by the change of the depth of modulation of the intensity distribution. In order to detect 
heterogeneity, caused by the substance being examined, in the object, it is necessary that the 
period of spatial modulation of radiation in the object be smaller than the size of the 
heterogeneity itself. 

The sensitivity of the described installation to the registration of the intensity of 
scattered radiation is determined by the spatial frequency and the depth of modulation of the 
falling radiation, as well as by the resolution of the detector used. The higher the spatial 
frequency of modulation of the radiation and the greater the depth of modulation, the greater 
will the function of the distribution of radiation intensity change with the introduction of the 
object. However, maximal values of the permissible spatial frequency of modulation of the 
radiation are limited by the parameters of the modulator used and the resolution of the 
registering elements. The spatial sensitivity of the detector should be less than the period of 
spatial modulation of the radiation, preferably by one order. It is also necessary that the 
detector be sensitive to registration of radiation in a wide dynamic range of intensity values. 



Set of Claims 



1. A device for small-angle computerized tomography, comprising a source of 
penetrating radiation, a collimator forming a radiation flow, falling on an object, in the form 
of one or several narrow beams slightly-diverging in at least one direction, a coordinate- 
sensitive detector effecting registration of coherent radiation scattered at small angles, a 
system for relative displacement of a "source - collimator - detector" complex and the object, 
and a computerized system for processing information obtained from the coordinate-sensitive 
detector, characterized in that a spatial filter is mounted between the object and the 
coordinate-sensitive detector, the spatial filter separating radiation scattered by the object at 
ultra-small angles relative to the direction of the falling beam. 

2. A device according to claim 1, characterized in that the collimator is made in the 
form of a regular periodical structure which is made up of radiation-transparent sections in the 
form of slits or channels and alternating therewith opaque sections, and overlapping a separate 
strip in the projection of the object, the spatial filter is a regular periodical structure similar to 
the collimator, in which sections corresponding to the transparent sections of the collimator 
are made of material opaque for radiation, and sections of the filter overlapping the opaque 
sections of the collimator are made transparent for penetrating radiation, detecting elements 
for measuring radiation which has passed through the object are arranged on the opaque 
sections of the filter, wherein dimensions of the channels or slits and the periodical structures 
of the collimator should ensure registration on the position-sensitive detector of radiation 
scattered at ultra-small angles. 

3. A device according to claim 1, characterized in that the collimator is made in the 
form of a regular periodical structure which is made up of radiation-transparent sections in the 
form of slits or channels and alternating therewith opaque sections, and overlapping a separate 
strip in the projection of the object, the spatial filter is positioned before the detector and is a 
regular periodical structure similar to the collimator, in which sections overlapping the opaque 
sections of the collimator are made transparent for penetrating radiation, while sections 
overlapping the opaque sections of the collimator are made of a material partially absorbing 
the radiation and reducing the intensity of radiation which has passed through these sections 
to the level of radiation scattered at small angles which has passed to the coordinate-sensitive 
detector through the transparent sections of the spatial filter. 

4. A device for small-angle computerized tomography, comprising a source of 
penetrating radiation, a collimator forming a radiation flow falling on an object in the form of 



one or several narrow beams slightly diverging in at least one direction, a detector system, a 
system for relative displacement of a "source - collimator - detector" complex and the object, 
and a computerized system for processing information obtained from the coordinate-sensitive 
detector, characterized in that the detector system is a bi-coordinate position-sensitive detector 
mounted at such a distance from the object and having such a spatial sensitivity, which would 
make it possible to register angular distribution of intensity over the cross section of a beam 
which has passed through the object with a spatial resolution that is narrower than the semi- 
width of the distribution of intensity in the beam in the plane of registration, wherein each 
beam formed by the collimator in the projection of the object in at least one direction is 
narrower than the area occupied by the substance being checked in the object. 

5. A device for small-angle computerized tomography, comprising a source of 
penetrating radiation, a collimator forming a radiation flow falling on an object in the form of 
one or several narrow beams slightly diverging in at least one direction, a detector system, a 
system for relative displacement of a "source - collimator - detector" complex and the object, 
and a computerized system for processing information obtained from the coordinate-sensitive 
detector, characterized in that the collimator is a slit-like structure forming a set of narrow, 
slightly-diverging beams of radiation in the direction of the object being examined, 
registration of radiation which has passed through the object is effected by a bi-coordinate 
spatial-sensitive detector and an information processing unit coupled to the detector, wherein 
the period of multi-slit structure is chosen to ensure a period of spatial modulation of the 
radiation, which is at least two times less than the size of the area occupied by the substance 
being checked in the object, and a spatial resolution of the detector which is less than the 
period of spatial modulation of the radiation in the plane of registration. 

6. A device according to any one of claims 1-5, characterized in that each beam 
overlaps the whole object area being examined in one direction, wherein the "source - 
collimator - detector" complex is made with the possibility of turning in a plane 
perpendicular to the plane of the fan-shaped beam by 360° relative to the object being 
examined. 

7. A device according to any one of claims 1-5, characterized in that the "source - 
collimator - detector" complex is made with the possibility of spiral displacement relative to 
the object being examined. 
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8. A device according to any one of claims 1-5, characterized in that the collimator 
forms a point-shaped or hachure-shaped beam, wherein the "source - collimator - detector" 
complex is made with the possibility of displacement along a complex trajectory lying on the 
surface of a sphere situated around the object area being examined. 



Abstract 



The invention relates to computerized tomography based on obtaining an image of an 
object according to small-angle scattered radiation. Registration of the scattering is earned 
out in ultra-small angles: from 0 to 1 degree relative to the direction of the falling beam. A 
number of schemes are proposed which make it possible to effect registration of coherent 
scattering in indicated angles. Fan-shaped, slightly-diverging beams formed by a collimator 
are directed to the object. In one of the variants of a device for separating radiation scattered 
at ultra-small angles, it is proposed that a special spatial filter positioned beyond the object be 
used, the filter being a structure similar to the collimator in which radiation-transparent 
sections of the collimator are overlapped by opaque sections of the filter. Wherein, .in the 
absence of the object, radiation does not pass to the spatial-sensitive detector mounted beyond 
the filter. When the object is arranged between the collimator and the spatial filter, the 
detector registers scattering of the radiation at ultra-small angles. In order to register 
radiation which has passed through the object in the direction of the primary beam, detector 
elements are mounted on opaque sections of the filter. This makes it possible to obtain a 
tomographic image according to absorbed radiation in addition to tomograms in scattered 
radiation. In another variant of the device, sections of the filter, which overlap transparent 
sections of the collimator, are made to partially absorb radiation which has passed through the 
object along the direction of the falling beams and to reduce it to the level of intensity of the 
scattered radiation. One of the proposed schemes of the device makes it possible to 
determine the object's scattering function within the limits of the primary beam. The 
tomographic image of the object is restored on the basis of data of scattering obtained for 
different views of the object relative to the "source - collimator - detector" system. 
3 independent claims, 9 drawings. 
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